CONTENTS OF NUMBER 1, VOLUME 4 

JULY, 1909 

PAGE 

V 01 THE Ski's Overeying Active Lesions in Pulmonary 
T oHERcrrosis '\\ ii.iiAyt Charles White, MD, and Kahe H Van 
Norman, M B (Tor ) , Pittsburg, Pa . 1 

The PrjY vur'.cr an» Importance or Uncinariasis Among Apparently 

FfALTUV SoUTIII RN-BRFD WHITE Ml'N IK THE UNITED STATES ARMY 
VrbioN P CiiAMBLRtAiN , M D , Jackson BarpacivS, La , 8 

>a'sATFD Miitapt Tubfrcdlosis or THE Skin An Important Sign in 
Gl sf PAL IMiliapt Tubi RCULosrs or Intanoy Wilder Tileston, M D , 
Boston * , 21 

fco’vr PrnnriMs in Immcniti and the Treatment or Ineectious Diseases 
riuLip H iNSON Hiss, Ju M D , New York . 32 

Till Clot Culture in Conjunction vtith the Agglutination Test in 
T i ”11010 ^/^DOIJ'II Lyons, SLD, Hi \ v Orleans 64 

A ’JoniFicATioN or the Sahit Buttrometric Test 3Ieal J C Friedman, 

31 D, CuHAco . 69 

A '<run 0’=' Titf Btood in Pn.Tis'.is John Albert Kolmer, MD, Phila 

DI LPIUA 31 ' 

Book BrrjFW 

PisiA'.is OF niE Heipt Von Jupgensfn, Kpeiil Von Sohrotter 07 


SYSTEAIIC BLA8'1 O:\1YC08TS 
Kipoin or \ CVS! 

imYCF rOY'lAlYE MD MAIU I S llAASK All) 

Eonr.iu E AlIICllKLI. AID 

TI'NN 

Till'S case mIikIi \\c bclicnc to be the fiist ie]ioitecl lioin tlio soiitbein 
‘slates, occiniecl in tlie pi ac lice of Ti Itobcit H ^Mitcliell and iia'- 
tlion«ht to be an nniesohcd jinennionia 

On Yo^ 7 1008 the loitA-'setond da\ ol the illness, and two dai" 
]ii]oi to death El's Fontaine and Ilaace weie asked to see tlie ta^se At 
this time the diagnosis of SAsteniic bla‘stonnco‘=i« was made fioin the 
appeal ance of the cutaneous lesione and hi demonstiatino the oiganism 
in tlie spntiini and in the pus 

Pditcnl — Alls 11 a" 0 (l 27 (oloi white nituo of Aiistii.i iiiuiieil tiie* 

thilclien one liMii£r Alothei died at 70 cause unknown Fathei died in old 
ice, cause iiid time of death iiiikiiown Patient was one of twehe childien all 
of whom aie dead sa\o one sistci Ihe last sistei to die was siek foi some 
time in Austna with a disease supposed to ha\e been tubeiculosi-' and was 
nui«ed almost soleh bv oui patient 

Histo)y — Shoith aftei tie death of this sistei patient eniifriated to tins 
eoiintn, connii" diieclh to Aleniphis She had been in fanlv "ood health until 
Tune 15 lOOS when she be"an to couch and to lose weipht This condilion wa^ 
leciided as insignibcant and was not tieated In a plnsician On Ausr 1 1008, 
the oongli became woise the spntuni was ineiea=ed and slishtli blood '•tamed 
In a few daas tie sputum betaine niucopiii iilent and the patient continued to 
cough and expeetoiate until the beginning of liei finil illness and coiifiiieiiient 
to bed, wbieli began on Sept 25 1908 

Uxanunafiov — The patient was fiist seen bv Di Alitcbell on Octobci 8 one 
week aftei the beginning of hei final illness and was admitted to St Tosepb’s 
Hospital the same aftei noon when the following note of bei condition was 
made Patient niaikedlv ])iostiated coughing with expeetoiation consisting 
almost entiielv of mucus Tempeiatuie 102 3 Respiiation 25 PiiKe 110 
Examination of lungs lecealcd an aioa of dulness about two inches in diamotei 
o\ei left uppei lobe ocei which was lieaid bionchial bieathing and inci eased 
local lesonance The physical -^igns weie those of an oidiiniv seieie lobai 
pneumonia, but instead of lesolution occiiiiing, the disease piogiessiieh m 
Cl eased and finallv iinohed the entne left lung 

Com se of Bi^ca’se — Tbioiigbout the couise of the disease the tempeiatuie 
Cline was most iiiegulai laiMiig fiom 07 to 104 F, the bighe->t and the lowest 
teninei atm e oecuiiing at am tune of the clai’’ The pulse foi the fiist two 
weeks was oiiite constant about 110 latci it became leiv lapid and iiiegulai 
leaf lung 100 ‘^eieial dies befoie death 
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Eespiiation at fiist showed no niaiked change fiom the noimal but on the 
sixteenth day of the disease it began to be inoie shallow and fiequent leaching 
G4 ton aid the end of the disease 

The urine uas examined on Octobei 22, and found noiinal except foi the 
piesence of a few led blood eoipuscles The sputum at fust consisted of mucu-^ 
but on the sixth day of the disease it contained blood of a lush eoloi It ms 
tenacious and was expelled uith difficult Latei the sputum became muco 
puiulent, still being slighth tinged with blood it uas examined on two occa 
sions for tubercle bacilli and was found negatue On the foi tv second dai of 
the disease it was found to contain iiumeious blastoun cetes no examination for 
that oiganism liaiing been made piior to that time 



1 ig 1 — Lc-ioun in ta«e of bl i‘=toiu\to-'is fiom photogi iph tiken two di's 
liefoie <1( itli of p itient 

Duiing the second week of the diseise the blood seiuiu ie>pondcd to the 
Widil tc^t for t\phoul feiei 

On Octobei 21 an eiuption appciiod tii-.t on the i ice 1 itei on the nciK 
chc't hick legs and thighs in the oidei iiainod Hu hist legion ajipcaicd 
on the forehead ns i small papule on the following dai it had iiicieascd in 
'•i/e iiid was cipped with i jmstule it continued to enhiige and olhei' aj) 
pe.ircd o\or the regions niontioned until Xoiembei 7, when the following deiinal 
condition was noted 

“sc ittercd oier the bodi weie nuineious lesions ibont (>00 in all 118 of 
which were locitcd on the face and held (I'lg 1) The le'ioiis \,iiied in si/e 
fioin 1 pm held to i hilfdolln the Ingest the one on the foiehcid w is 
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oblong in shape daik lecl in coloi and laised about an eightli of an inch abo\e 
tie siiiface and coieied Mith a dut% aellouish ciusl On lenioial of the ciust 
an iiiegulai papillomatous smfaee Mas noted, Mith seiopuiulent lluid betMeen 
the papillan piojections The inaigin of the giouth Mas inodciatelv infiltiated 
daik led in coloi the mass Mas soft and nuisln to the touch and not painful 
undei mild jiiessure 

Tlie laige lesions on the lip piesented a similai papillomatous appeal ancc, 
Meie lound smallei and somcMhat inoie laised aboie the suifacc than the one 
on the foiehead, they Mcie not suiiounded Mith daik led infiltiated aieas 
All othei lesions on the face mcic lai'ied loiind led papules coieied Mith a 
lelloMish Cl list 01 capped Mith a pustule inning in si/e the loungei oi 



Fig 2 — Sineai of pus fioin skin lesion shoMiiig oigaiiisin, X 500 


simllei oneo being no laigei than u pinheady but all shoMing, iindei the ciust 
01 pustule, the same papillomatous condition seen in the oldei laigei lesions 
On the anteiioi poition of the scalp about the median line and one and 
one half 'inches posteiioi to the boidei of the haii, among smallei ones, theie 
ivas one laige lound lesion oiei mIiicIi the haii Mas matted, it M'as quite soft 
and f 10111 it theie Mas a constant oozing of seiopuiulent mattei 

On the hands theie Meie nuiueioiis lesions, vaijing in size and sha2ie, tlie 
laigest being about the size of a tM eiity five cent juece, film, haid, and siu- 
loiinded by a daik led, laised, film boidei and coieied Mith a daik lelloM' 
model ately adheient ciust On lemoial of the ciust the same condition of the 
suiface Mas noticed as in those on the face 
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Ij,t 4 — Sj>liin iftii Mitimi note tlic ciiouiuni', immbei of iiiiliux 
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liie aim^ lunik ami tlnglis piosenled iinineious lesions none of winch was 
niukedh ele\alod Thci showed onh a faint pink aioola with little oi no in 
dniation dinciing fioni the lesions hefoie desciihed to this extent onh Othei 
wui the\ wcie sinnlai in that thex weie capped with a tuist heneatli which 
wu a pustule iniaiiahlv piesenling the iiiegiilai sniface with small piojecting 
])ij)illa> fioiii hetween which the Hind could he jiiesscd 

'I he ])atient coinjdained of no jiain hiiiniiig oi itcaing fioin the lesions on 
the skin 



Fig 3 — Section of lung X liO, bla-.toiiu cetes in luge '^yncctial tell inassts 

Snieii> weie made fioni the pus fioni thiee lesions and weie exanniied the 
follownia inoiinng without staining innneious oiganisins weie found, mam 
of them budding (Fig 2) 

None of the lesions was examined mieioscopicallv nt tint time, but at the 
autopsc tbiee lesions weie i emoted fiom the face and hands 

The patient was gnen the usual stimulant and suppoitne tieatment be 
sides loclni and seteial doses of pneuiiioeoteic seium Faih in the couise of 
the diseise model ate doses of potassium lodid weie giten foi seteial dies No 
impiotement was noted and on Noteinbei b death oecuiied fiom toxemia 
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ATjTOPSI 

Tins ^^as held t^^o houis aftei death 

Anatomic Diagnosis — Peiicaidial effusion Cataiihal pneumonia, nith 
nnharj- and conglomeiate abscesses of light lung Pleuiitic adhesions Cataiihal 
pneumonia of louei lobe Xeciosis of middle and uppei lobes, uith miliaiy 
and conglonieiate abscesses of left lung Paiench^matous and fatty degeneia- 
tion with acute congestion of the Inei Paienehyniatous degeneiation of the 
kidneis Aeute splenitis, uith niiliaij' and confluent abscesses 



(, —Section of lung, X 150, hi istoiin cctes witi coiiiiectne tissue foinia 
tion and evudation 


l/f(t» oscopic Eraiiiination — Bod\ of an emaciated 110111111 about flic ee 
tiio inches in length neighing ibout one hundred pounds Xunieroiis papa es, 
tubercle', pustules and ulcers iieie scatteied oici fice hinds, clic't, a 
back and thigh- The hmphitie gluuls and iisible mucous meiiibiaiics nerc n 

iniolied 
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los Sim'EMJC BLISTOMIGOSIS 

Ihoiax Peiicnidial sac contained about siv ounces of a cleai, stiaci coloied 
fluid Heait noinial in size, muscles pale and soft, eaiities small Yahe leaflets 
1101 mal and competent Valve oiifices noimal in si/e 

Lungs Left Msceial and paiietal plema veie united thiougliout b-\ ad 
Iiesions 11 Inch iieie sepaiated iiitli some difficulti, tliej iieie so dense nr 
lung The lung iias distended and heaiy Loiiei lobe solid and of the con 
sistencs of liiei jMiddle and uppei lobes iieie soft and boggi The thiee 
lobes iieie densely adheient to each othei The suiface ins longh and cmeied 



Fur S — Section of lung X 500 luge masse'? of hi istomi cetc'' 


1)1 fihiimni'- ulhesions of a diiti giiiish coloi mottled i\iti numeiou« aici 
1 uiing in si/e fiom 1 to 10 iiiillimeteis iiliich iieie of a lellou coloi sof mi 
-lighth elei ited ihoie the suifice'of the lung thei iieie not iinliUc mili.u' 
iiid coiiglonui ite tiibeicles On section of the lung the cut suifice in‘^ o i 
dull giaii«h coloi uid exuded a thick juiiiilcnt fluid (Fig *1) •I''*® 

ind middh lobes consisted iniinli of confluent aiei« of «oft cheesi iiecio ic 
nnteiial scp.nated hi i sm ill amount of bluish giai lung tissue ihe oiici^ 
lobi continual moic limy tissue i\ith \ fen discrete giai i=h ii lute soft am 
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winch liad tne appeal. nice of hegnninig iieciosi" Ihe hionchi toiilaiiieil a small 
amount of mucopui iileiit Ihud Eight pleuml c.nitc empt\ Eight luiisi dis 
tended uid heaciei than iioimal sin face smooth and glistcniiig Posteiioi jiait 
of lowei lobe ^olid daik led in coloi and deioid of an, leniaindei of liniii 
of a bhiish-piiik coloi seiinsolid and paith ciepilaiit 0\ei the eiitiie suiface 
of lung weie seen giacish slighth ele%ated disci ete aieas iiiegulai in shape 
and calling fioin 1 to 10 niillinietois in dianietei Lobes not aciheient to each 
othei On section the suiface had a bluish pink coloi was studded with soft 
ccllow aicas niogulai in shape and sliaiplv outlined fioni the sinioundiinr 
tissues and ecidenlh aieis of neciosis Ihc suiface exuded a bloodc an inixecl 
seiuiii Ihe hi one In contained sonic niucopni ulent Hind Sineais made finin 
the exudate of both lungs showed blastonncetes ni gieat nunibeis 

Spleen Enlaiged nieasuiing 20 hv 12 In 10 ceiitimeteis Soft in consistent 
daik led in coloi and thicklc studded with cellow slighth chnated aieas of 



Fig ') — Section of Inei X 120, c c cential ceiu, i c , inteilobai cessels, 
licei c cacuole in cells 


iiiegulai shape, calling in si/e fiom 1 to 10 niillinieteis Suiface smooth 
capsule not tliickened On section, the splenic pulp was found to be claik led 
in coloi, inteisjieised with soft pin ulent aieas of a lemon cellow^ coloi, which 
occupied fulh one thud of the oigan {Fig 4) Smeais fiom pui ulent aieas 
showed numerous blastomxcetes 

Licei Veiy much enlaiged and soft, suiface smootli and pale led in coloi 
capsule not thickened Cut suiface pale and gieasc Lobules indistinct len- 
iiles distended No neciotic aieas could be seen Gall bladdei emptj , ducts 
fiee 

Kidnevs Enlaiged, pale led in coloi capsule easilv stiipped, leacing a 
smooth suifice Coitex and medulla inci eased in thickness Glomeiuli and 
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tufts not easilj distingmslied Venules sliglitlv distended Ihe kidneys pie 
seated the appeaiance of pai 6110-1311^10113 degeiieiation and did not eontain 
areas of blastom3'cotic invohement 

Stomach, intestines, peiitoneum, pancieas, uteius and bladdei 1101 inal 
The biain and coid ueie not examined 

Micioscopic ExammaUon — Lungs Undei lou magnification theie uas seen 

a ^el3' clnonic process in uhieh theie was a maiked inciease of fihious con 



I'lg 10 — Section of Inei, X > 75 , c, Inei cells, 
nncos (the on!} one found 111 section) 


1 iciiole, bl , blasto 


iiedne tissue in the ahcolai ualls iiul about the blood lessels In ^ 

nihU.ation mis .0 dense that it ilinost icplaced the lung stinctiuc Thion 
."ftlu hhioi. tissue could be seen ueas of neeios.s and near >e- -c.ot c 
trcis could be seen gioups of sincitial cills tout lining bla.toinccetes (Fi, 
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extended almo< to the penplien of the lohnle (Fig 0) llie Inei cells in the 
peiipheiv and ibont the poital aiea \\eie slighth degeiieiated and neie ^epai 
ated be a few lonnd eells of the lymphoid t\ pe The lessels about the peiipaen 
of the lohnle weie of noinial si/e (Fig 10) Tlicie weie about the intialobulai 
■veins a few nodules of blastoiiiA cotic infiltiation In the endothelinm of the 
1 eins thei e could be seen a few blastOln^ eetes ( ]*’ig 1 1 ) 

Spleen INIalpighian follicles weie of noiinal si/e and contained aieas of 
In aline degenei ation Theie was aFo slight In aline infiltiation in t'ac intinia of 
the blood ^e■^sels and inaiked piolifeiation of the cells noinialF pieseiit liieie 
eonld be seen shoht difliise fihiosis with e\tia\asation of blood thioiighont the 



Fig 13 — Abscess in epideiniis, ep , epithelial cell , bl , blastoim ces , b, 
budding blastonivces jil , leucocytes p, Ijniphoid cells 

jiai eiichynia Scatteied tliiougli the paieiieT\'nia weie seen iiiiliiii abscesses 
aioiind the abscesses was a slight attempt at encapsulation The ceiitei of 
abscesses was in a condition of liquefaction neciosis and contiined nuineioiis 
blastoim cetes 

Ividnevs Epithelial cells lining the iinmfeious tubules weie swollen and 
fiagniented and the nuclei weie obsevued The cells contained giaiiiilai niattei 
and 111 many places weie desquamating The glonieiiih -weie iioiinal iii ap- 
peal ance 
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SYSTEMIC BLASTOMYCOSIS 


bkm Under low magnification Beginning fioin ^iitlioiit, tlieie Mas an ab 
senee of the corneous layer and the tiansitional layeis beneath the pncklc 
layer was markedly hypertrophied and the cells edematous taking the "tain 
poorly Throughout the epidermis small abscesses could be seen The basal 
layer, owing to the hypertrophr, uas pushed fai into the coiiuiii but in all in 
stances could be seen intact The coiium shoued aieas of intense infiltiation 



Fig 14 — Skin b budding blastomjces 575 tunes enluged 

Mith nuineioiis inicioscopie abscesses and e\en undei tbe Ion magnification 
blastoini cetes could be seen (Fig 12) 

Undei high magnification the infiltiation uas seen to consist laigeh of 
lound celU instead of the usual plasma cells found in otliei cases of blastoiin 
cosis A fen such cells neie found onh after lepeated seaicli Be neie unable 
to demoiistiate am giant cells The contents of the abscesses neie small loniid 



I’jg 13 — Epulciinis ininute iU"Ccss staited bi a p.u i"itc in cpithehiini, 
X 575 bl blastoimees, 1 leucocite 


cells of tbe hinphoid tipe leiicocitcs nuclear fiagnients and nnincions omnu 
isms (Fm 13) Ihe abscess nails neie composed of ajipiicnth iioimal ton 
ncctne tissue fibeis nitli flattened coinpiessed conncctne tissue tell" 1 if 
abscesses ntre st irted In the blastoimcetcs e-t ibh-^huifr thew-ohe- l.etnecn tiu 
epithelial cell" folloned In the cinigrition of poh moiphomitloai iiid hinplionl 
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cells (Figs 14 aiul 1.5) Isumeioris 'iimi«cs filled \Mth oigaiiisiiis could be 
seen 111 the epideiinis and coiuiiii between the abscesses (Fig IG) 

llie liistopatliologv of the skin in oui ca«e difleied fioiii that in those ])ie 
Monsh lepoited in that aic found onh a few plasma cells no giant cells and 
gieat nuinbeis of oiganisiu'; 'llie oiganisins m all the lesions ueie seen to 
nuiltipiV onh be budding and in the sections fiom the skin and lungs could be 
seen buds m canons stages of dccclopnieiit (Figs 14 15 and 17) 

The fiist ease of ststcmic lilastomteosis ttas desciibed bv Btisse- 
Btisehke in 1894 and theie liaie lieen lepoited some twenti-thiee cases 



Fig 16 — Blastomvces in a sinus of papilla (skin) enlaiged 575 times 
ep , epithelial cell, pi, poljiiueleai leucoccte bl , blastoim ces b budding 
blastomvces , 1 , h mplioid cell , abs , abscess 


A majorit} of the cases aie leportecl fiom Chicago and the most impoi- 
tant vork on the snbieet has come fioin that eiti A gieat nninber of 
the cases lepoitecl are in foieigneis and it iincloubtedh exists in even 

laige cit\ among iniinioiants 

O XT' 




no .S5 .s'7’y;j7/c blustomycosis 

The oiganisms A\hic]i aie the eaiisatne factoi of the disease the 
blastoim cetes aie vegetable inieio-oiganisms belonging to the a east'? oi 
«pionting fnngi Thej aie o\al oi loimd bodies, a 313 mg in size tioin 
b to 12 inicioinilliineteis The3' haie a donblA contouied capsule a 
piotoplasni Aihich is fmeh giaimhi and often laciiolated Between the 



l,r 17— Section of lun<r, X 1 000 oi-zinibin- ^lionin-r Iniiklin-r 


pioto])lasni and the capsule a deal zone of AaiMinr thicknc'-'? can be =ecii 
'Jlie piotoplasni i'? olten neaiei tlic capsule at one pole tlian at tlio oppo- 
site and the tleai space taiies conccpnndingh m ‘•i/e 

Ecpioduction ncciiis 111 Ining tissue h\ Inidding and 111 cultincs h\ 
iincelial foiniations 
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Accoiding to Montgomeij and Oimsby, the male sex has fmmshed a 
majoiitj of the cases, theie being nineteen males to four females among 
the cases repoited in their exhaustive articles ^ 

Inasinnch as the lungs weie so often piimarity affected (in 65 per 
cent of the cases repoited), it is impoitant to consider the lespiratoiy 
tract as a mode of entiance foi the paiasite We are quite sure that the 
disease existed in the lungs in oui case for some months before the final 
illness, and it is moie than piobable that the illness fiom which the 
patient s sistei died u as the same disease It is easy to confound the 
disease with tubeiculosis Clmicalty, the tuo diseases of the lungs can 
haidlj be distinguished except b}’’ a microscopical examination of the 
sputum The gioss and microscopic appearance of the lesions are remark- 
ably like those of tuberculosis 

Of inteiest is the fact that the seium fiom this case lesponded to the 
Widal test foi tjphoid fevei, and this is in keeping with the observation 
of Collins, in which it was found that lepeated inoculation of rabbits or 
goats with brewei’s yeast led to the production of agglutinins foi the 
typhoid bacillus and other oigamsms of the dysentery class 

The disease never occuis without cutaneous or subcutaneous lesions 
The skin lesions are usually seeondaij, and aie metastases fiom the vis- 
ceral lesions 

The organism can neaily always be demonstiated in the sputum or 
in the pus from the cutaneous lesions by treating a smear with a 1 pei 
cent solution of potassium hydrate 

In our case enormous numbers of blastomycetes weie demonstrated 
in the sputum and in the pus fiom the cutaneous lesions 

We legiet that we did not have time to attempt treatment with a 
vaccine 

We are veiy grateful to Drs Gilchrist, of Baltimore, and Councilman 
and Pratt, of Boston, for many helpful suggestions in the studj of the 
case 

1 Montgomery, P H , and Oiinsby, 0 S Systemic Blastomycosis, The 
AR cniVES Int Med, 1908, ii, 1 



GLANDULAR FEVER 

KEPOKT OP AN EPIDEIMIC IN THE OHILBREN S IVAED OP THE 
UNION PROTESTANT INPIRMART 

J EDWARD BURNS, M D 

BALTIMORE 

Glandular fever, an acute infectious disease principally affecting the 
cervical glands, -was first described by Pfeiffer in 1889 Since that 
time various writers. West, Korsakoff, Gouriehon Terflinger and otheib, 
have reported epidemics and written extensively about it, but conclusions 
as to its etiolog}’’, the portal of entry of the organism causing the infec- 
tion^ the extent of the infection, and the complications arising theie- 
from are very diverse 

The cases reported in this article are nine in number The first si\ 
occurred in childien from 2% to 5 years of age The last three occurred 
in the family of Patient 6 after she had left the hospital, and, although 
not seen in the acute stage, are reported because the clinical history coi- 
lesponded precisely to that in the cases observed In this family epi- 
demic only adults were affected West reported an epidemic of 96 cases 
occiining in children and Terfiinger one of 150 cases occurring in adults, 
thus showing that this disease, although considered one of childhood, 
may affect individuals at most any age 

The cases reported occurred in the months of Febiuary and March 
and made their first appearance two months after the children’s waid 
had been isolated on account of the measles, scarlet fevei and diph- 
theiia m the city The first case began on February 15, the second on 
the 16th, the next two on the 17th, and the last two on the 18th 

The first case in the family of Patient 6 dei eloped twenty-four hours 
after the child had reached home Her mother uas the first member of 
the familj affected, none of the family had seen the child for tvo and 
a half months previousl) From this one v ould conclude that the incu- 
bation period could be as short as twent 3 '^-four hours, although most 
w liters think it from seven to nine dej's 

All the cases shoved a leiicocitosis fiom IS.SOO to 26 400 dm me 
the disease The variations in the differential count during the disease 
veie as follovs 
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Polymorphonuclear leucocytes 

Small mononuclears 

Large mononuclears 

Eosrnophrles 

Transrtronals 

jNIast-cells 


Per Cent 

37 to 74 
20 to 50 
2 to 11 

0 5 to 5 

1 to 7 
06 


Tlie small mononuclear elements of tlie blood seem to be the ones 
principally increased The coexistence of tubeiciilous, gonorrheal and 
chickenpox infections in some of the cases makes the blood picture some- 
what confusing 

Cases 1 and 2 showed a marked leucocytosis according to the absolute 
count, yet the differential counts were normal These latter must have 
been due to an uneven distribution of leucocytes, for it seems very 
unusual to suppose that all the leucoc 3 ftic elements of the blood could 
have been proportionately increased 

Leucocytes after convalescence varied fiom 5,000 to 8,000 
The vaiiations in differential count aftei convalescence weie as fol- 
lows* 


Polymorphonuclear leucocytes 
Small mononuclears 
Large mononuclears 
Eosinophiles 

Transitionals , 

Mast-cells 


Per Cent 

13 to 54 
30 to 70 
2 to 14 
14 to 13 
1 to 6 5 
0 5 to 2 6 


After convalescence there seems to be a still greater relative increase 
in the small mononuclear elements of the blood 

Throats and tonsils of all the patients were in 3 ected, but showed 
no exudate, and the cultures made showed Staphylococcus auieus 

Case 1 — ^The patient, P. H , was sent in for treatment of paralysis of left 
leg due to anterior poliomyelitis Swelling of glands of both sides of neck was 
first noted on February 15 At this time his temperature was 101 8, pulse 124 
The patient complained of tenderness of cervical glands, stiffness of neck, thirst 
and loss of appetite Enlargement of glands was not confined to the cervical 
group, of ■which the upper ones, anterior and posterior to the sternomastoid, were 
chiefly affected, but the axillary and inguinal groups were also enlarged, although 
to a much less extent The cervical glands were the only ones tender, and this 
lasted only three days, after which the swelling began to decrease No abdominal 
pain or tenderness present The patient was constipated Pharynx and tonsils 
injected, but no exudate present Throat culture showed Staphylococcus OAireus 
On February 16 the white blood count was 26,400 The differential count was 
as follows Per Cent 

Polymorphonuclear leucocytes 

Small mononuclears ‘z 

Large mononuclears 

Eosinophiles 

Transitionals 
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On Februarj 20 the differential count iias 

Per Cent 


Polymorphonuclear leucocytes 65 

Small mononuclears 20 

Large mononuclears 6 

Eosinopliiles 5 

Tiansitionals 3 


Urinary examination showed absolutely no signs of nephritis Tlie patient 
left the hospital March 9 before the swelling of glands had entirely disappeared 

Case 2 — F R, male, aged 2^/^ years, epileptic, had swelling of cervical glands 
of both sides first noted on Febiuary 16 On February 15 the temperature rose 
to 100 G and on the 16th to 101 G and then gradually declined 

On February 17 the patient’s neck was painful and stiff The soreness lasted 
one dav After this the glands began to decrease in size, but those on the left 
are still someuhat enlarged Axillary and inguinal glands not involved Pharynx 
and tonsils injected, the latter enlarged, but showed no exudate Tliroat culture 
showed Siaphylococcus aureus No abdominal pain or tenderness Tlie patient 
IS habitually constipated There was loss of appetite 

On February IG the white blood count was 22,100 The differential count 


was as follows „ „ , 

Per Cent 

Polymoiphonuclear leucocytes 63 5 

Small mononuclears 30 

Large mononuclears 2 

Eosinopliiles 1 

Tiansitionals 2 5 

Mast cells 0 5 


On Februaiy 20 tlie diffeiential count was as follows 

Polj morphonuclenr leucocytes 
Small mononucleais 
Laige mononucleais 
Eosinopliiles 
Transitionals 


Per Cent 

C6 


5 

1 

2 


The patient is still in the hospital and doing apparently as well as befoie 
the attack of glandular feier 


Case 3 — ^E McD , male, aged 3%, had Pott’s disease (high doisal) , swelling 
of ceriical glands of both sides first noticed on Feb 17 Axillaiy and inguinal 
glands not iniohed No rise of temperature Swelling and tenderness of glands, 
and stiffness of neck lasted until February 20, after which time the tenderness 
and 'itilTiic^s disappeared, and the swelling gradually decreased Tlie patient held 
Ins hands to Ins ears as if suffering with earache No abdominal pain nor tender- 
ness The patient was not constipated, had no sore throat He had loss of ap 
petite, has had swelling of glands of neck three times previously 

On February 20 the red blood count was 4,200,000, white blood count, 21,800, 


differentinl count as follows 

Polvmorphomiclcar leucoevtes 

Small mononuclears 

T>nrpc mononuclears 

Eosinopliiles 

Transitionals 

^^ast cells 


Ptr Cent 
44 
43 

6 

ry 

) 

3 

0 5 


J EDWARD BURRS 


121 


On jMaich 27 the leucocyte count was about 6,500, the diffeiential count, as 

follows „ „ ^ 

Per Cent 


Polymorphonueleai leucocytes 44 

Small mononuclears 49 

Large mononuclears 5 3 

Eosinophiles 1 4 


The patient is still in hospital and general condition seems about the same as 
before he had glandular fever 


Case 4 — P K, male, aged 5, had tubeiculosis of hip (left) and lunibai 
kyphosis, swelling of cervical glands of both sides fiist seen on Febiuary 17 
Axillary and inguinal gioups not involved No tenderness of cervical glands 
Some stiffness of neck Sw'elling increased until February 20 and then began to 
subside On Febiuary 17 the temperature rose to 100 and on the 21st to 100 1 
It then gradually fell to normal Tlie pulse showed no peculiarities No ab- 
dominal pain nor tenderness Phaiynx and tonsils somewhat injected but patient 
complained of no sore throat No exudate piesent Tliroat culture showed 
Staphylococcus auieus The patient was not constipated 

On Febiuary 20 the differential count was as follows 


Polymorphonuclear leucocytes 48 

Small mononuclears 38 

Large mononuclears 9 5 

Eosinophiles 3 

Transitionals 3 3 


On March 27 the leucocytes were about 5,000, the differential count was as 
follows 


Polymorphonuclear leucocytes 

Small mononuclears 

Large mononuclears 

Eosinophiles 

Mast-cells 

Transitionals 

The patient is doing well Cervical glands still somewhat enlarged 


Per Cent 
27 
49 
68 
13 
25 
1 


Case 5 — H, female, aged 5, had tuberculosis of hip (left) and chickenpox, 
bilateral swelling of cervical glands first noted on February 18 , no other glandu- 
lar involvement On this day the temperatuie rose to 100 8, pulse to 120 The 
temperature gradually fell to normal by February 23, by which time the tender- 
ness of glands and stiffness of neck had disappeared, and swelling of glands was 
beginning to decrease The patient complained of earache Pharynx and tonsils 
injected, hut no exudate present Throat culture showed Staphylococcus atiteus 
The patient lost her appetite and was constipated No abdominal pain or tender- 
ness 

On February 20 the white blood count was 18,800, the differential count was 
as follows Per Cent 

Poljntnorphonuclear leucocytes 
Small mononuclears 

Large mononuclears ^ ^ 

Eosinophiles ^ 

Transitionals 



122 


GLAKDULAB FEVER 


On March 27 absolute leucoej-te count wa^ about 5,000, the diffeiential count 
uas as follows 

„ , Per Cent 


PoljTnorphonucleai leucocytes 27 

Small mononuclears 59 

Large mononuclears 5 

Eosinophiles 2 5 

ISIast cells 0 5 

Transitionals 4 


Tlie patient is doing well She has entirely recovered from both her chicken- 
pox and glandular fever uithout any ill effects 

Case 6 — N S, female, aged 3, had gonorrheal arthritis of hip (left) On 
December 29 patient dei eloped tonsillitis, on January 27 left tympanic membrane 
ruptured due to purulent otitis media, on January 30 patient first showed signs 
of chickenpox, and on February 18 swelling of cervical glands (left side) was 
first noted On February 19 the patient’s temperature rose to 101 6, pulse to 144 
Ceivical glands were tender and neck stiff Axillary and inguinal glands also 
somewhat enlarged By Febiuary 23 tenderness of glands had disappeared and 
swelling was beginning to decrease At onset pharynx and tonsils were injected 
Latter were also enlarged Throat culture showed Staphylococcus aureus There 
nas no abdominal pain or tenderness Bowels were regular On February 20 the 
differential count was as follows 

Per Cent 


Polymorphonuclear leucocytes 42 

Small mononuclears 40 

Large mononuclears 11 

Transitionals 7 

Mast cells 0 5 


Patient left the hospital on February 28 with cervical glands still somewhat 
enlaiged 

On INIarcli 23 I was told by Dr W S Baer, orthopedist to the Johns Hopkins 
Hospital, that be had heard that several members of the family of Patient C, who 
IS a patient of his, had glandular fever Through the kindness of their family 
phvsiciaii, Dr William T Watson, I was permitted to see them On arriving at 
their home I found that three members of the familv had had what clinicallv 
seemed to be glandular fevei The last patient had recovered two days prevnously, 
but all showed some enlargement of the cervical glands still Throat cultures and 
blood smears were taken from all three and from Patient 6 Culture from the 
lattei showed Staphylococcus aureus as before, and differential count was as fol- 


Polvmorphonuclear leucocytes ' 13 

Small mononuclear leucocytes 70 

Large mononuclear leiicocjtes 14 

Losinopbilcs 0 5 

Transitionals 3 


The Icucocjte count was about 7 300, and the cervical glands wcie still 
slightly enlarged 

Cvst 7 — ^Thc patient, the mother of Patient G, aged 25, was apparentlv a 
hoalthv woman, slie had not seen her daughter for two and a half months and 
had been perfectly well until the latter’s return home on February 28 

On the cvcnincr of March 1 the patient says she felt tired and ached all over, 
and on the morning of ^larcli 2 both sides of her neck were swollen and painful 
ITcr neck wa<5 stiff, throat vorj, sore, she had a headache, and ached all over She 
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was -veiy tliiisty, had no appetite, and was constipated The neck was swollen 
and painful foi one week, after which time it began to subside At the onset the 
patient w as nauseated and vomited No abdominal pain nor tenderness 

On Maicli 23 leucocytes w^ere about 5,000, the differential count was as fol- 
lows 


Polymoiphonuclear leucocytes 

Small mononucleais 

Large mononuclears 

Eosmophiles 

Transitionals 

!Mast'Cells 


Per Cent 

49 

34 

4 

4 

65 

05 


Tliroat cultures showed Siapliylococctis aweus Glands of neck still somewhat 
enlaiged 

Case 8 — ^The patient, grandmother of Patient 6, aged 50, apparently healthy, 
on March 13 had headache, ached all over, and had chills At the same time both 
sides of neck began to swell and become painful The neck was stiff and throat 
very sore The patient was very thirsty, had no appetite, and was constipated 
Swelling and tenderness of glands of neck lasted about one w eek, after which time 
it subsided No abdominal pain or tenderness 

On !March 23 the leucocyte count was about 7,500, the differential count was 
as follows 


Polymorphonuclear leucocytes 
Small mononuclears 
Large mononuclears 
Eosmophiles 
Transitionals 


Per Cent 
49 
41 
2 

3 5 
45 


A throat culture showed Staphylococcus aaiieus Glands of neck still some- 
what enlarged 

Case 9 — Patient, maternal uncle of Patient 6, aged 20 Genei al health good 
Bilateral swelling of neck first noticed on March 15 At this time patient had 
a headache and a feeling of general malaise The neck was stiff and throat veiy 
soie The patient was thirsty, lost his appetite and was constipated Swelling 
and tenderness of neck lasted about one week No abdominal pain or tenderness 
On March 23 the leucocytes were about 5,000, the differential count was as 
follows Percent 

Polymorphonuclear leucocytes ' 

Small mononuclears 
Large mononuclears 
Eosmophiles 

Transitionals ^ 

Throat culture showed Staphylococcus aureus Axillary and inguinal, as well 
as cerMcal glands, still somewhat enlarged 

In the first six cases the enlargement of the cervical glands occuired 
at the same time on both sides, with the exception of Case 6, and in the 
last thxee eases there was a histoiy of simultaneous enlargement of the 
glands of both sides of the neck In only one instance, that of Case 6, 
was there a unilateral involvement The swelling of the glands seemed 
to increase on both sides at the same rate, and with the tenderness seemed 
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to reach a ina\im-uin on the third da}^, after nlnch time the tenderness 
disappeaied and the sivelling began to decrease gradiiall}' The upper 
glands of the chains anteiior and posterior to the stemoniastoid muscle 
ueie the ones chiefly sivollen and tender All the glands involved were 
hard and discrete Stiffness of the neck seemed to disappeai with the 
tenderness of the glands and u as due most probably to the lattei symp- 
tom The axillary and inguinal group were slightly enlarged and hard 
in tuo of the cases jSTone of the cases showed any signs oi gave any 
history of the occurrence of suppuration of the involved glands 

The onl} definite period of incubation that could be determined with 
any certainty uas that of Case 7, for both the patients in the -ward and 
those on the outside may have become infected at the same time from 
the same source, or later from other patients Yet, on account of the 
varying degrees of individual resistance, the period of incubation would 
vaiv greatly Patient 7 had not seen her child (Patient 6) for tuo 
and a half months previously, nor could she remember having been near 
any one suffeiing with this disease until she took her child home This 
incubation period of twentj^-four hours is, as far as I have been able to 
ascertain, the shortest one recorded 

In all the cases observed there was injection of the pharynx and ton- 
sils, but no exudate was present, and all the outside cases gave a history 
of an intense pharyngitis This would seem to indicate the probable 
location of the portal of entry of the organism causing the infection 
and the finding of Staphylococcus awicus in all the throat cultures might 
mean that this was the etiologic factor The chief objection to this 
lattei assumption is that in pyogenic infections the blood usually shous 
an increase in the polymorphonuclear leucocytes, uhereas in this infec- 
tion, as has been shown above, there is an increase in the small mononu- 
clear elements, both during and after the disease Cases have been 
lepoited in uhicli suppuration occurred and its non-appearance in oui 
cases could not be used as an argument against the pyogenic theory of 
infection 

A feeling of general malaise v ith, in some cases, a slight rise of tem- 
perature on the day preceding the enlargement of the cervical glands 
uere the first simptoms noted Later stiffness of the neck, suelling and 
tenderness of the cervical glands, thirst, loss of appetite and consti- 
pation ueie the most constant symptoms Patient 8 had chills at the 
onset Yausea and lomiting occurred at oiwet in Ca=e 7 and this, 
excepting the constipation uhich occurred in nearly all the ca=e=, vas 
the onh symptom indicating that possibh tlie disease might he due to 
an autointoxication fiom the intestinal tract, as has been thought to be 
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the case hy some ^MltelS hTone of the patients had any abdominal pain 
01 tenderness 

The pnlse showed nothing beyond an inciease m late in some of the 
cases, the volume tension, foice and ih-^tlim being unchanged The tem- 
peiatuie vaiied fiom 101 8 T to noimal at the onset, and in cases of a 
rise fell by tysis In the case of the tubeiculous patients whose tem- 
perature curve vas not noimal the supeiadded infection made very 
little, if any change 

The uiine ivas examined wheie it vas possible and showed abso- 
lutely no signs of nephiitis, eithei dining oi aftei the disease, in fact, 
no change in its condition fiom uhat it liad been pievious to the infec- 
tion was noted 

Note — The folloA^ing articles may be found of inteiest on this subject 

Grounchon These de Pans, 1895 

Arch Pediat , 1890, xiii, 889 

Jahrb f Kinderh , 1889, vxiv, 257 

Aich f Kinderh , 1905, xh and xln 

Ztschr f khn Med, 1907, Ixii, 170-178 

Monchau-Beuchant P6diatrie piat , 1908, m, 223-227 

Kuhner Kinder Arzt, 1908, xix, 121-125 

Weinei Tidsshi f d noiske Loegefoi , 1908, wviii, 345 349 

Ciane Ohio Med Join , 1908, iv, 143-149 

Tei (linger, F W Epidemic of glandular ferei Joui Am Med Assn , 1908, 

1, 7G5 

Jones Amei Join IMed Sc, 1908, sen senes, c\x\v, 34G-351 



THE ADMINISTRATION OF TUBERCULIN 

E C L DULLER, SI D 

Erom tLe Eeseaich Laboratoues of Parke, Dams &, Co 

DETROIT 

In the eaih days of tubeiciilm theiap} the administration of laige 
doses pioved so disastions that its use iias almost completely aban- 
doned Nom nnder the leadeiship of Goetsch, Sahli, Denjs, Spenglei 
right, Trudeau, and others, it is again coming into vogue, but all seem 
to be agieed that it must be given in small doses The puipose in giving 
small doses is to avoid a reaction, which is now lecogni/ed as harmful 
to the patient and as influencing unfavorably the subsequent tieatment 
Sir A E IViight does not pretend to increase his dose systematically, 
but is content if he can keep the tubereulo-opsonic index of his patient 
“ahoie nomal” Except for Wright, most workers look on the admin- 
istration of tuberculin as a process of immunization of the patient, and 
hence as the patient’s immunity gradually increases they giadually 
inciease the dose The dose should increase pan passu with the immu- 
nit} of the patient, but, as there is as yet no jiractical means of meas- 
uiing the patient’s immunity, tieatment at tli’S point becomes difficult 
A vorking compromise is usually effected by laying out foi the patient 
a series of doses progressively increasing m size to be administered at 
legular intervals, the effect of each dose being watched most closely and 
the phy sician holding himself ready^ to change the senes at any point, so 
a=5 to adapt it more perfectly to the requirements of that particulai 
patient 

To meet the demand for tuberculin in small doses foi such eases 
vaiious manufacturers both German and American haie put out serial 
dilutions so tliat the physician could obtain tuberculin of a ■strength 
adapted to each stage of the couise of treatment These dilutions aio 
usii.ilh decimal and of the folloning tipe 

Pirst dilution, 1 to 1,000 contains 1 cubic nnlliineter per cc 

Second dilution, 1 to 10,000, contains 0 1 cubic milluneter per cc 

Third dilution, 1 to 100,000 contains 0 01 cubic millimeter per c c 

Tourth dilution, 1 to 1 000,000, contains 0 001 cubic millimeter per c c 

In n=ing this «enc= the plnsician nonld gne the patient let us 
.is-iniio a= 
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Fast dose, 0 1 cc of the fomth dilution oi 1/10,000 cubic millimeter 

Second dose, 0 2 c c of the fourth dilution oi 2/10,000 cubic millimetei 

Thud dose, 0 3 c c of the fourth dilution or 3/10,000 cubic millimetei 

And so on up to the tenth dose, 10/10 oi 1 c c of the fouith dilution, 

containing 10/10,000 or 1/1,000 cubic millimeter 

This ainoimt (1/1000 cubic millimetei) is also contained in 1/10 
c e of the third dilution, and hence, to avoid m;)ecting the larger quan- 
tities of fluid that would be necessar}’’ if the fourth dilution were used 
foi larger doses, a change is made to the third dilution and the senes 
continued as follows 

Tenth dose, 0 1 c c of the third dilution or 1/1,000 cubic millimetei 

Eleventh dose, 0 2 c c of the third dilution or 2/1,000 cubic millimetei 

Twelfth dose, 0 3 c c of the third dilution or 3/1,000 cubic millimeter 

And so on up to the twentieth dose, 10/10 oi 1 c c of the third dilution, 

10/1,000 or 1/100 cubic millimetei, when a change is made to the second 
dilution and so on 

On the face of it this uould seem to be a series that covers the 
giound nicely from the lowest to the highest desired dose As a matter of 
fact, there are oh3ectionahle featuies in this senes, winch it is the pui* 
pose of this paper to point out 

The chaiactei of the senes is best shown by plotting it as a cuive 
using the days of tieatment for a base line and doses for ordinates 
Such a curve is shoivn in Tiguie 1, where the numbeis on the base line 
lepresent days numbered consecutively fiom the beginning of tieatment 
and the oidmates represent doses expressed in fractions of a cubic milli- 
inetei Dots on the curve represent infections It is assumed that an 
infection is given every five days and that the series is followed as laid 
out, the curve covering an interval of 100 days and the doses ranging 
from 1/10 000 to S/100 cubic millimeters 

The most striking feature of the curve is that it is not unifoimlv 
progressive, but is broken up into portions that differ very much from 
one another In the first section (A to B) the doses are regulail} 
increased by 1/10,000 cubic millimeter and the total increase is from 
0 to 1/1 000 cubic millimeter, the doses being taken from the fourth 
dilution Wlien the change is made to the third dilution (plotted as the 
second section B to E) the very first increase (fiom B to C 1/10 c c to 
2/10 c c , 1/1,000 to 2/1,000 cubic millimeters) is 1/1,000 cubic milli- 
meter. 01 as much of an increase in five days in one fump as had been 
attained during the previous fifty dais and by ten steps The section 
continues on by uniform increases of 1/1,000 cubic millimeter up to E 
where another change occurs The whole of the third section could not 
be plotted foi lack of room, but the first step (B to H) is showm and 
hole again w'e have a similai iiimp — the increase fiom E to H (1/100 
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37, n- 1 ^iiio usinl method of administering Tuberculin, curie nnde up oi 

difTeient nritliiiietical senes, A to B, B to E, etc The sudden increase oi do=e 
from E to H is ten times the constant increase in section B to E, uhile B C 
IS ton times the increase in A B Interial between doses, file davs 
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cubic millimetei) bemg as gieat as the entiie pievious mciease since the 
beginning of tieatment (0 to 1/100 cubic millimeter), winch has occu- 
pied ninetj^-five days and had been di\ided into nineteen doses 

Such a senes as this certainly does not otter the uniformly pio- 
giessiTe series of doses desired foi administiation to a patient so that 
the doses may increase pai i passu with the resistance of the patient On 
the contrary, ue are inclined to believe that the sudden mciease of doses 
with each new dilution is peihaps responsible for many of the unac- 
countable leactions, which it is so desiiable to avoid in tuberculin thei- 
ap}, ^hmaccountable ^ because these jumps aie not manifest vhen shown 
ill figures, but only vhen plotted as a cuive 

To obtain a uniformlj^ progiessive senes of doses such as ve desiie 
it is neeessarj to use a geometncal pi egression instead of an arithmetical 
progression Such a curve is shown in Figure 2, where each dose is 25 
pei cent laigei than the pieeeding dose It will be noted that theie are 
no sudden jumps in this cuive, the mteiwal B' O' m Figure 2 (1/1,000 
to 2/1,000) being coveied by three doses instead of the one jump in the 
eoiiespondmg mteival (B C) in Figuie 1 At the end of the senes the 
conditions aie leversed and two doses aie lequimd to cover the distance 
D E, vhicli m Figure 2 is coveied in one dose (D' E') When the thud 
senes staits the laige jump E H, m Figuie 1, is coveied m Figure 2 bv 
thiee doses F/ H' 

It should be understood that in this geometncal cuive the ratio 
(1 25) and the inteival (foui days) were both chosen to make the curve 
coirespond as nearly as possible to Figure 1 Both cuives covei a lange 
of doses lunning from 1/10,000 to 2/100 cubic millimeters and a period 
of time of about one bundled da'^s In actual use both the ratio and 
the interval can be varied indefinitely while still retaining the valuable 
chaiacteiistie of the smooth geometncal piogression Some patients mav 
be able to stand an increase of 50 per cent , while for others it may be 
necessarj’^ to cut the increase clown to 10 pei cent — in the one case the 
curve would rise moie lapidly in the other i^ wnulcl be flatter The 
mteival between doses can be either mciea^ed or decieased as desired 
or it can be made a variable Figure 3 shows a curve similar to Figure 2 
except that aftei e'sei^ foui doses the lnteT^8l is inci eased bv one dav =o 
that the small doses at the low^er end of the curve are given at foiii- 
dav intervals, the large doses at the upper end nine da\s apart, and the 
inter mediate doses at increasing mteivals 

Both of these cuiies are, of course, onlv suggestive of the tvpe of 
cun-e it would seem desirable to follow each patient must be given indi- 
vidual tieatment There is howcAei a cuive for each case which if 
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four doses the interval 
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iolloMed, -smII gne tlie best lesiilts The tioiible is to hnd it It i\oiild 
seem that the systematic plotting of the tieatment of a ease iieek by ■week 
as tieatment piogiessed ■would, by the tiend of the cul^e, be of value in 
suggesting furthei tieatment oi, if a patient vhen hi ought up to a 
ceitain point showed signs of iiitoleiance and an impending leactiou 
so that it became necessaiy to inteiiupt tieatment and then begin at a 
lower point, a cuive of the case would show exactly the angle at which 
the ciitieal point w'as appioached befoie and would suggest the lowei 
pel cent of inciease which the patient might be able to keep up indefi- 
nitely 

The plotting of the cuiies of eases that haie alieady passed thiough 
a course of tubeiculin theiapy might be instiuctiie The 'w^ritei would be 
1 leased to recene such curves or the case histones from which the cur^es 
could be plotted, and is ivilling to undertake the woik involved in such a 
plotting in the hope that from a careful comparative study of a laige 
numbei of cases some light may be thrown on the subyect of tuberculin 
theiapy 

The pioblem of obtaining suitable doses foi such geometiical sene* 
is somewhat difficult, but by no means impossible Foi a 25 per cent 
inciease the following seiies is approximately coriect 1, V/i, 2 

^V 2 > 3, 4, 5, 6, 8 and 10 Wliether these numbeis lepi'esent minims or 
tenths of a cubic centimetei, the fiist fiie aie too small to be accuiateh 
measiued This can be oveicome bv baling pait of this solution diluted 
one to foul when the first five doses will be 4, 5, 6, 8 and 10 paits le- 
spectively, of the one-to-foui dilution In this and othei ways suitable 
dilutions can be prepared for any^ senes of do=es Physicians w'lthout 
laboiatory facilities may find it convenient to have then phaimacists 
make tlie needed dilutions for them 
To sum up 

1 The seiial dilutions of tubeiculm now a\ailable when admmis 
teied m doses of 1, 2, 3 4, 5 6, 7 8 and 9 tenths of a cubic centimeter 
01 2 4 6, 8, 10 12, 14, 16 18 and 20 minims do not gne a unifoimly 
pioenessive series of doses when passing from one dilution to the next 

2 In administering tuberculin each dose should be larger than th'* 
picccding bx a certain per cent (geometrical progression) rather than b\ 
a certain fixed quantitx (arithmetical progression) 

3 Plotting the treatment of each patient as a ciine is adxocated 
because of the light it max throxv (a) on tlie tieatnieiit of the iiidnidiial 
ca=e and (b) on gencial tuberculin therapy 



TESTS CONOEENIl^G TUBERCLE BACILLI lU THE 
CIECULATIFG BLOOD 
E C SCHROEDEB. and W E COTTON 

BETHESDA, MD 

On Dec 10, 190S, Di Randle C Rosenbeigei of the Jeffeison Med- 
ical College, Philadelphia, Pa , read a paper before the Philadelphia 
Pathological Society on the occur rence of tubercle bacilli in the circu- 
lating blood The paper ^vas afterward publisned in The Amei lean Jow- 
nal of Medical Sciences for Eebiuary, 1909 In this paper he recorded 
that he had made microscopic examinations of the blood of 126 tubercu- 
lous mdiTiduals, some of whom were affected with only incipient tuber- 
culosis, and that he had found tubercle bacilli in the blood of every one 
of these individuals In some eases only a few bacilli were seen hui, 
to use his own words, ^ffhey were mostly in large numbers and clumps 
of SO to 40 bacilli iveie not unusual, especially m cases of acute miliaiy 
tuberculosis ” Prom his oliservations he formulated the conclusion, ^Tt 
appears that tuberculosis in all its forms is a bactenemia ” 

The occunence of isolated tuberculous lesions in the bodies of other- 
wise tuberculous as well as otherwise healthy individuals, located in 
regions remote from the various channels that communicate with the 
extenor, gives the belief that tubercle bacilli occasionally float in the 
blood stream the character of a fact that is hardly open to question 
The same is true when we consider cases of more or less generalized tu- 
berculosis with many lesions in widely separated portions of the body, and 
cases of miliary tuberculosis with innumerable lesions of approximately, 
if not precisely, the same age and stage of development But such occa- 
sional presence of tubercle bacilli in the circulating blood is a very dif- 
ferent condition from their constant occurrence in it in sufficient num- 
bers to justify the classification of tuberculosis as a bactenemia Hence 
Rosenbeiger s conclusion was received with considerable surprise and 
decided increduhty 

Though the conclusion seems incredible, because it seems nearly im- 
possible that a constant occurrence of tubercle bacilli in the blood of 
all tuberculous individuals could have been overlooked by the host of 
investigators who have studied tuberculosis with technic not greatlj dn- 
ferent from the one he used we did not feel entitled to protest against 
it without offering some specific evidence to substantiate our protest 
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Eosenbergei stated that he found tubercle bacilli on microscopic exam- 
ination in the blood of every one of the 135 cases of tubeiculosis he 
studied, notwithstanding that some of the cases were incipient and 
failed to show tubercle bacilli in the sputum It was, therefore, almost 
taken foi granted that the micioseopic examination of blood, according 
to his method, of animals affected wath advanced and long standmg 
tuberculosis and animals that were expelling tubercle bacilli from their 
bodies in large numbeis, ivould leveal at least a few tubeicle bacilli A 
considerable number of such microscopic examinations were made, but 
not a tubercle bacillus was found in our blood preparations, and we have 
to record wholly negative results wuth the blood of tuberculous animals 
similar to the negative results obtained with the blood of tubeiciiloiis pei- 
sons in two large Hew York hospitals ^ 

It IS not uncommon for virulent tubeicle bacilli to be present m 
animal substances in numbers too small to serve for their detection by 
optical methods At the experiment station of the Buieaii of Animal 
Industry, for example, we found the intra-abdominal injection of guinea- 
pigs with suspected milk to be a test for tubercle bacilli that has fully 
50 times the delicacy of a microscopic examination Furthermore, tinc- 
torial and optical methods of distinguishing betw^een tubeicle bacilli and 
othei acid-fast bacteria are not wholly satisfactory, hence we decided 
to inject a sufficient number of guinea-pigs with blood from a sufficient 
number of certainly tubeiciilous cattle to show conclusively either that 
tubeicle bacilli aie commonly present in such blood or that they are not 
commonly present in such blood 

Incidentally we wish to say that Dr Eosenberger's work is very weak 
in the extent to which he confirmed, b}’’ animal experiments his surpris- 
ing microscopic obseiwations, which would be of the greatest lalue if 
true alone for the earlj and ceitain diagnosis of tuberculosis In all 
he inoculated only two guinea-pigs of wdiich he gnes records— one with 
blood from a tuberculous person who w'as expelling tubercle bacilli per 
jcctiim and one wutli blood fiom a patient with acute miliari tubei- 
culosis 

The development of tuberculosis in the latter guinea-pig can not be 
regarded as a remarkable phenomenon, there is nothing about the fact 
that a guinea-pig contracted tuberculosis after an injection of blood 
obtained from a case of acute miliarx tuberculosis that necessitates a 
modification of our currently accepted views on the presence of tubercle 
bacilli in the circulating blood That is to saj, we need not look on 
tuberculosis as a bactenemia because tubercle bacilli were demonstrated 

1 i:(litonnl in Ycd Rcc , Non York, 1000, l\-^\ “.OS 
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in blood, in which we have long taken their occurrence as a mattei of 
course 

This leaves one guinea-pig that may have some evidential value, but 
we must not lose sight of the fact that it was injected with blood obtained 
from a peison who was expelling tubercle bacilli fiom his body and, 
hence, to some extent infecting his environment We must also bear in 
mind that guinea-pigs are highly susceptible to tiibeicle bacilli injected 
into their bodies and that it is often impossible for an investigator who 
handles much tuberculous material, who is in frequent contact vith 
tuberculous persons and whose environment may be characterized as con- 
tammg tubercle bacilli, to eliminate all danger of extraneous tubercu- 
lous infection sufficiently to make a test satisfactory when he seeks to 
veiify the tuberculous charactei of some material from a tuberculous 
individual by the injection of one, and only one, guinea-pig 

Our own tests, which follow, were made entirely with the blood of 
tuberculous cattle In every case the blood was diawn fiom the jugular 
vein of the tuberculous animal and injected m its fresh, naturally vaim 
state into the peritoneal cavity of a guinea-pig The tuberculous cattle, 
as their records show, may be divided into four distinct lots according 
to the Ivnov ledge we have of their tuberculous condition 

Lot 1 — Foui cattle, the precise tubeiculous condition of which is 
knovn because they were killed and examined postmortem shortly aftei 
the blood was drawn from them foi guinea-pig injections 

Lot 2 — Six cattle, Imown to be tuberculous because they had reacted 
with tuberculin, because tubercle bacilli weie found in their feces on 
micioscopic examination and because their feces were proven to be 
infectious by animal experiments 

Lot 3 — Nineteen cattle, known to be tuberculous because they had 
reacted ivith tubeiculin and because tubercle bacilli were found in their 
feces on microscopic examination 

Lot Jj . — Thirteen cattle, known to be tuberculous because they had 
leacted with tuberculin 

We made no attempt to treat the blood used for the injections in 
an}' uay, because we assumed that the best results would be obtained 
with it by transferrmg it as rapidly as possible from the tuberculous 
cattle to the peritoneal cavities of the guinea-pigs It was learned from 
the injections that guinea-pigs tolerate a relatively large quantit}" of 
bovine blood in their peritoneal cavity The guinea-pigs that died 
shoitly aftei and as the result of the blood injections, about 15 per cent 
of all injected, uith few exceptions showed extreme impaction and some 
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inflammation of the large bowel^ associated in seveial instances ivith 
invagination of the colon 

The possibility exists that the intiapentoneal injection of from 3 
to 5 c c of fieshj warm blood from tuberculous cattle induces an immu- 
nitj’’ in guinea-pigs to the tubeicle bacilli the blood may contain Though 
this Mew IS purely hypothetical and ^Ye know nothing to sustain it, ve 
have undei taken an investigation to piove or disprove it, and uill append 
the results to this article if they are ready before it goes to the printer 

The total number of cattle fiom which blood injections were made 
IS 42, and these as then leeoids shov, represent a considerable vaiietj 
relative to the seventy and extent of the tuberculous disease with which 
they are affected, from animals that would not have been suspected to 
be diseased without a tuberculin test to a cow so badly affected that a 
calf of which she became the mother, a little less than a year before hei 
blood vas used for guinea-pig injections, vas boin affected vith tuber- 
culosis contracted from antepaitum exposure to her tubeiculous bodv 

The total number of guinea-pigs injected was 104 Of these 16 died 
vithin a few days aftei the injection and no doubt as a result of it, 3 died 
of inter current affections, but not until a sufficient period of time had 
passed for lesions of tubeieulosis to become clearly manifest, and 85 
guinea-pigs lived until they were killed after a lapse of from seven and 
one-half to eleven ueeks, oi an average for all of seventj dajs after thcj 
veie injected The 3 guinea-pigs that died of intercuiient affections 
shoved no lesions of tuberculosis on postmortem examination, and 84 
of the So guinea-pigs that lived until they v ei e killed showed no lesions 
of any kind on autopsy One gumea-pig of the 85 shoved lesions very 
^lightly resembling tuberculosis, but these vere proved by microscopic 
examinations and guinea-pig inoculation tests to be free from tubercle 
bacilli 

A detailed lecoid of the cattle and guinea-pigs used in our tests 
follows 

iincoRD or TuimRCULOus cattle and guinempigs 

CATTLE, LOT 1 

Bull 393, genenl condition ^ery good, nlTectcd vitli tuberculosis a jear or 
more u.TS killed and cxaniincd postmortem on April 8, 1909 The autopsi ic 
^c^^od only one ciinll tuberculous lesion located in one of the superficial inguinal 
glands 

On Feb 5, 1909, tuo guinea pigs Nos 2891 and 2892, rccencd each an intra 
abdominal injection of 2 c c of blood from the bull One guinea pig. No 2891, 
died on Feb 14 1909, afTcctcd with imagination of the bond The other guinca- 
pi" remained healthi until April 13, 1909 (sixtc seven days after injection), 
vhon it vac killed and found on postmortem c\amination to be free from lesions 
of di=case 
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Ooio 533, geneial condition pool, affected with tubeienlosis two yeais or moie, 
was killed and examined postmortem on April 24, 1909 The autopsy revealed 
the following conditions, the piincipal lobe of the right lung contained a cavity 
about three inches in diameter, paitly filled with pasty, necrotic, tuberculous 
mateiial This cavity was in direct communication with a large bronchial tube, 
which contained a considerable amount of mateiial disehaiged fiom the cavity 
Spiinkled throughout the lungs generally, a numbei of smaller tubeiculous foci, 
in a completely broken-down condition, were found Tlie mediastinal and mesen- 
teiic Ij^mph glands and the liver were sprinlcled with tubeiculous foci, some of 
which nere as much as one-half inch in diametei 

Piior to the cow’s death hei feces were examined micioseopically on nine 
different days and on six of these days were found to contain tubercle bacilli 
On Feb 3, 1909, two guinea-pigs, Nos 2859 and 2860, received each an intia- 
abdominal injection of 3 c c of blood of the cow The guinea-pigs remained 
healthy until April 13, 1909 (sixty-nine days after injection), when they were 
killed and found on postmortem examination to be free from lesions of disease 
Cow 549 , general condition poor, affected with tuberculosis several years, on 
March 27, 1908, gaie birth to a calf affected with congenital tuberculosis Tlie 
cow was killed on April 8, 1909, and on autopsy was found to be affected with ad- 
vanced, generalized tuberculosis The lungs contained lesions varying from quite 
recent tuberculous disease to large tuberculous cavities that had discharged most 
of then contents through the bronchial tubes 

No tests were made relative to the infectious character of the feces before 
death 

On Feb 3, 1909, two guinea-pigs, Nos 2863 and 2864, received each an intia- 
abdominal injection of 3 c c of blood from the cow The guinea-pigs were killed 
on April 13, 1909 ( sixt3'’-nine days after injection), and on postmortem examina- 
tion were found to he free from lesions of disease 

Goto 552, general condition poor, affected with tuberculosis several years, was 
killed on April 1, 1909 The autopsy revealed a fairly generalized tuberculosis 
nitli lesions of greater or lesser magnitude in the lungs and in the pharyngeal, 
bronchial and mesenteric lymph glands 

Prior to the cow’s death her feces were examined microscopically on ten dif- 
ferent days, and on six of these days were found to contain tubercle bacilli 

Hogs that were fed feces from the cow contracted tuberculosis, and guinea-pigs 
inoculated subcutaneously with small masses of her feces likewise contracted 
tuberculosis 

Guinea-pigs were injected intia-abdominally with blood from this con as fol- 

lOMS 

Jan 25, 1909, Guinea-pig 2785 received 5 c c of blood 

Jan 25, 1909, Guinea-pig 2786 received 5 c c of blood 

Jan 25, 1909, Guinea-pig 2783 received 2 5 c c of blood 

Jan 25, 1909, Guinea-pig 2784 received 2 5 c c of blood 

Jan 25, 1909, Guinea-pig 2781 received 1 c c of blood 

Jan 25, 1909, Guinea-pig 2782 received 1 c c of blood 

Feb 3, 1909, Guinea-pig 2861 received 3 c c of blood 

Feb 3, 1909, Guinea-pig 2862 received 3 c c of blood 

Feb 5, 1909, Guinea-pig 2889 recen ed 2 5 c c of blood 

Feb 5, 1909, Guinea-pig 2890 leceived 2 5 cc of blood 

Guinea-pigs 2786 and 2890 died prematurely as a lesult of the blood injections, 
and the lemaining eight guinea-pigs were killed on the following dates an on 
autopsy Mere found to be free from lesions of disease 

Guinea-pigs 2781 and 2782, killed March 27, 1909 (sixty-one days after in- 
jection) 
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Gumei pigs 2783 and 2784, killed April 13, 1909 {se^enty eight days aftei in- 
jection) 

Guinea pig 2785, killed April 12, 1909 (seventy eight days after injection) 

Guinea-pig 2889, killed April 13, 1909 (sixty seven days after injection) 

Guinea pigs 2861 and 2862, killed April 13, 1909 (si\ly-nine days aftei injec- 
tion) 

CATTLE, LOT 2 

Cow 511, geiieial condition pooi, has been affected nith tubeiculosis eighteen 
months oi more Microscopic examinations of the feces on seven different dajs le- 
■vealed tubercle bacilli on three daj's A hog fed with feces from the con con 
ti acted tuberculosis 

On Feb 1, 1909, tno guinea-pigs. Nos 2829 and 2830, receiied each an intra- 
abdominal injection of 3 c c of blood from the cow The guinea pigs leniained 
healthy until April 13, 1909 (seventy one days after injection), nhen they neie 
killed and found on autopsy to be fiee from lesions of disease 

Cow 537, general condition fairly good, has been affected nith tubeiculosis 
moie than two yeais Micioscopic examinations of the feces on fifteen days re 
lealed tubercle bacilli on eleien dajs Guinea-pigs inoculated uitli small masses 
of feces contracted tuberculosis 

Guinea pigs uere injected, inti a abdominally, ivith blood from the cow as fol 
Ions 

Feb 4, 1909, Guinea pig 2871 leceived 3 ec of blood 

Feb 4, 1909 Guinea-pig 2872 receiaed 3 c c of blood 

Feb 19, 1909, Guinea pig 3062 leceived 3 cc of blood 

Feb 19, 1909, Guinea pig 3063 lecened 3 cc of blood 

Guinea pig 2872 died prematurely as a result of the injection 

Guinea pig 2871 nas killed on April 13, 1909 (sixty eight days after injec- 
tion ) , and on autopsy n as found to be free from lesions of disease Guinea pigs 
3002 and 3003 were killed on Apiil 13, 1909 (fifty three days after injection), and 
on autopsy neie found to be free fiom lesions of disease 

Cow 53S, general condition lery poor, has been affected uith tuberculosis two 
jeais or longer IMicioscopic examinations of feees on eleven different dajs re 
V ealed tubercle bacilli on nine daj's Guinea pigs inoculated with small masses 
of feces, and hogs fed feces of this cow, contracted tuberculosis 

On Feb 3, 1909, two guinea-pigs, Nos 2851 and 2852, received each an intra- 
abdoniinal injection of 3 c c of blood from the cow On April 13, 1909 (sixtj'nine 
davs after the injection), the guinea pigs vveie killed and on autopsj found to be 
free from lesions of disease 

Goto 55 j general condition fairlv good, has been affected with tuberculosis 
more than two vears SIicioscopic examinations of feces on five different davs re 
V ealed tubercle bacilli on two davs A hog fed feces from the cow contracted 
tubeiculosis 

On Jan 30, 1009 two guinea pigs, Nos 2811 and 2812, leceived each an iiitra- 
alidominal injection of 3 c c of blood from the cow Guinea-pig 2811 died pro 
matin eh as a icsiilt of the injection Guinea pig 2812 was killed on Apiil 12, 
lOQO (soventv-two dav® after injection) and on postmortem examination was 
found to be free from lesions of disease 

Cow 107, general condition good, has been affected with tuberculosis at least 
two and a half vears Jlicroscopic examinations of feces on ten different dava re 
veiled tubercle bacilli on five davs A hog fed with feces from the cow contracted 
tuberculosis 

On Feb } 1000 two guinea pm®, Nos 28G0 and 2870, received each an intrn- 
ibdonnml injeitinn of » i c of blood from the cow Tiie guinea pigs were killed 
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on Apnl 12, 1909 (sixty seven days aftet injection), and on autopsy weie found 
to be fiee fiom lesions of disease 

Goio 646, general condition fair, has been affected with tuberculosis for some 
time, but it is not known just how long Microscopic examinations of feees on 
two diffeient days revealed tubercle bacilli on one day Guinea-pigs inoculated 
with her feees conti acted tuberculosis 

On Feb 2, 1909, two guinea-pigs. Nos 2847 and 2848, received each an intia- 
abdominal injection of 3 c c of blood fiom the cow The guinea-pigs were killed 
on April 13, 1909 (seventy days after injection), and on autopsy were found to 
be flee fioni lesions of disease 


CATTLE, LOT 3 

Goto 503, general condition good, has been affected with tubeiculosis at least 
two and a half years Micioscopie examinations of feces on two days levealed 
tubercle bacilli on one day 

On Jan 30, 1909, tno guinea-pigs. Nos 2805 and 2806, received each an intra- 
abdominal injection of 3 c c of blood from the cow The guinea-pigs were killed 
on Apiil 30, 1909 (seventy-three days after injection), and on autopsy were found 
to be free from lesions of disease 

Coio 510, general condition faiily good, has been aflected with tuberculosis 
about three years INIicroscopie examinations of feces on three days revealed tuber- 
cle bacilli on two days 

Guinea-pigs injected intra-abdominally with blood from the cow as follows 

Jan 29, 1909, Guinea-pig 2791 received 5 c c 
Jan 29, 1909, Guinea-pig 2792 received See 
Feb 4, 1909, Guinea-pig 2881 received 3 c c 
Feb 4, 1909, Guinea-pig 2882 received 3 cc 

Guinea-pigs 2791 and 2792 died prematurely as a result of the injections 
Guinea-pigs 2881 and 2882 weie killed on April 13, 1909 (sixty-eight days after 
injection), and on autopsy were found to be free from lesions of disease 

Gow 512, general condition good, has been affected with tuberculosis eighteen 
months or longer Microscopic examinations of feces on six different days revealed 
tubercle bacilli on four days 

On Feb 11, 1909, two guinea-pigs. Nos 2823 and 2824, received each an intra- 
abdominal injection of 3 c c of blood from the cow The guinea-pigs were killed 
on April 12, 1909 (seventy days after injection), and on autopsy were found to 
be free from lesions of disease 

Gow 513, geneial condition fairly good, but with greatly enlarged throat glands, 
has been affected until tuberculosis eighteen months or longer Microscopic ex- 
aminations of feces on four different days revealed tubercle bacilli on two days 

On Feb 2, 1909, two guinea-pigs. Nos 2835 and 2836, received each an intra- 
abdominal injection of 3 c c of blood from the cow Guinea-pig 2835 died prema- 
tuiely as a result of the injection Guinea-pig 2836 was killed on April 12, 1909 
(sixty-nine days after injection), and on autopsy was found to be free from lesions 
of disease 

Cow 514, general condition pool, has been affected with tuberculosis 
three years hCieroseopic examinations of feces on three different days revea e 
tubercle bacilli on one day 

On Jan 30, 1909, two guinea-pigs. Nos 2815 and 2816, received each an in ra- 
abdominal injection of 3 c c of blood from the cow Guinea pig 2816 died of an 
intei current affection on March 3, 1909 (thirty-two days aftCT injec ion), an on 
autopsy was found to be fiee from lesions of tuberculosis Guinea-pig 2815 was 
killed on April 12, 1909 (seventy-two days after injection), and on autopsy was 
found to be free fiom lesions of disease 
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Coxo 515, general condition fairly good, has been affected with tuberculosis 
eighteen months or longei hlicroscopic examinations of feces on seien different 
daj s rei ealed tubercle bacilli on four daj^s 

On Feb 1, 1909, two guinea pigs. Nos 2821 and 2S22, recened each an intia- 
abdominal injection of 3 c c of blood from the cow The guinea-pigs u ere killed 
on April 12, 1909 (seienty days after injection), and on autopsy ueie found to 
be free from lesions of disease 

Cow 516, general condition fairly good, has been affected with tubeieulosis 
eighteen months or longer Microscopic examinations of feces on seien different 
days reiealed tubercle bacilli on four days 

On Feb 1, 1909, two guinea-pigs. Nos 2831 and 2832, received each an intia- 

abdominal injection of 3 c c of blood fiom the cow The guinea-pigs iiere killed 

on April 13, 1909 (seventy one days after injection), and on autopsy were found 
to be free from lesions of disease 

Coio 536, general condition poor, has been affected vith tuberculosis tvo jears 
01 longer hlicroscopic examinations of feces on eleven different days leiealed 
tubeicle bacilli on eight days 

On Feb 3, 1909, two guinea-pigs. Nos 2865 and 2866, received each an intra- 

abdominal injection of 3 c c of blood from the com The guinea pigs M’ere killed 

on April 13 1909 (sixty-nine days after injection), and on autopsy M'eie found 
to be flee from lesions of disease 

Coio 561, geneial condition fairly good, has been affected with tuberculosis tM"o 
rears oi longer ilicroscopic examinations of feces on nine different days revealed 
tubeicle bacilli on three days 

On Feb 1, 1909, tuo guinea-pigs. Nos 2833 and 2834, received each an injec 
tion of 3 c c of blood from the cow The guinen-pigs were killed on April 12, 
1909 (seienty dajs after the injection), and on autopsy were found to be free 
from lesions of disease 

Cow 553, general condition fairly good, has been affected with tuberculosis two 
veais or longer Jlicroscopic examinations of feces on three different days re 
1 ealed tubercle bacilli on every day 

On Feb 1, 1909, two guinea-pigs. Nos 2827 and 2828, recened each an intra- 
abdominal injection of 3 c c of blood from the cow The guinea-pigs were killed 
on April 13, 1909 ( sei enty-one days after the injection), and on autopsy Mere 
found to be free from lesions of disease 

Cow 620, general condition good, has been affected with tuberculosis a year or 
loiigci Micioscopic examinations of feces on four different days reiealed tubercle 
bacilli on one day 

On Feb 3 1909, tMO guinea pigs. Nos 2855 and 2856, recened each an intra- 

abdominal injection of 3 c c of blood from the cow Tlie guinea pigs were killed 

on April 13 1909 (sixty nine days after the injection), and on autopsy Mere found 
to be free from lesions of disease 

Cow 620, general condition fair, has been affected with tuberculosis at least 
one vear ^Iicroscopic examinations of feces on fi\e different days revealed tubercle 
bacilli on tM o davs 

On Feb 3, 1909, two guinea-pigs. Nos 2857 and 2858, recened each an intra- 

abdominal injection of 3 cc of blood from the cow The guinea pigs Mere killed 

on April 13 (sixtvninc days after the injection), and on autopsi Mere found to 
bo free irom lesions of disease 

Com 631, general condition fair, has been affected Mith tuberculosis at least one 
\car Micro=copic examinations of feces on four different days i mealed tubercle 
bacilli on one dav 

On Feb 4, IhO^l, Imo guinea pigs Noe 2877 and 2S7S, recened each an inlrn 
abdominal injection oi 3 c c of blood from the cow Hie guinea pigs Mere killed 
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on Apul 13, 1909 ( sixty-eiglit days after the injection), and on autopsy uere 
found to be free fiom lesions of disease 

Biill 6S5, general condition good, has been affected with tuberculosis over two 
years iSliicioscopic examinations of feces on three different days revealed tubercle 
bacilli on one day 

On Jan 20, 1909, two guinea-pigs, IsTos 2817 and 2818, received each an intia- 
abdoniinal injection of 3 c c of blood fiom the bull Guinea-pig 2818 died pre- 
niatuiely as a lesult of the injection Guinea-pig 2817 was killed on April 12, 
1909 ( seventy-tv 0 days after the injection), and on autopsy was found to be free 
from lesions of disease 

Gow 6S6, general condition fairly good, has been affected with tubeiculosis at 
least one yeai Microscopic examinations of feces on five different days revealed 
tubercle bacilli on two days 

On Jan 30, 1909, two guinea-pigs. Nos 2803 and 2804, received each an intia- 
abdominal injection of 3 c c of blood from the cow The guinea-pigs were killed 
on April 12, 1909 (seventy-two days after the injection), and on autopsy were 
found to be free from lesions of disease 

Coio 638, general condition fairly good, has been affected with tuberculosis or ei 
tvo years Microscopic examinations of feces on foui different days revealed 
tubeicle bacilli on all four days 

Guinea-pigs were given intia-abdommal injections of the blood of this cov as 
follov s 

Jan 29, 1909, Guinea-pig 2795 received 5 c c 

Jan 29, 1909, Guinea pig 2796 received 5 c c 

Feb 4, 1909, Guinea-pig 2879 received 3 ec 

Feb 4, 1909, Giunea-pig 2880 received 3 c c 


Guinea-pig 2795 died piematurely as a result of the injection Guinea-pig 2796 
vas killed on April 12, 1909 (seventy-three days after the injection), and on 
autopsy was found to be free from lesions of disease Guinea-pigs 2879 and 2880 
weie killed on April 12, 1909 (sixty-seven days after injection), and on autopsy 
veie found to be free from lesions of disease 

Coio 689, general condition good, has been affected with tubeiculosis at least 
one year Microscopic examinations of feces on four different days revealed tuber- 
cle bacilli on one day 

Guinea-pigs were given intra-abdominal injections of the blood of this cov as 
follov s 


Jan 29, 1909, Guinea-pig 2801 received 5 c c 

Jan 29, 1909, Guinea-pig 2802 received 5 c a 

Feb 5, 1909, Guinea-pig 2887 received 3 c c 

Feb 5, 1909, Guinea-pig 2888 received 3 c c 


Guinea-pig 2801 died prematurely as a lesult of the injection Guinea-pig 2802 
vas killed Apiil 12, 1909 (seventy-three days after the injection), and on autopsy 
several necrotic foci “siere found in the liver and spleen The lesions ^vele no a 
all like the conditions caused by the tubercle bacillus and microscopic examinations 
failed to re'\ eal tubercle bacilli Some of the abnormal tissue was used o nm 
subinoculations into guinea-pigs, the submoculated guinea-pigs failed o s ow 

tubeiculosis , ^ , 

Guinea-pigs 2887 and 2888 were killed on April 13, 1909 (sixty seven days 
after the injection), and on autopsy were found to be free from lesions of tlisea= 
Goto 640, general condition good, has been affected with tubercu , 

years Microscopic examinations of feces on three different dai's reiea e 

bacilli on all thiee days , .nfm- 

On Jan 29, 1909, two guinea-pigs. Nos 2799 and 28^00, receive ea 
abdominal injection of 5 c c of blood fiom the cow The guine* p 
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on April 12, 1909 (seventy three days aftei the injection), and on autopsy ueie 
found to be free from lesions of disease 

Coto 042 , general condition good, has been affected unth tubeieulosis at least 
one year ^licroscopic evaminations of feces on three diflerent dajs leiealed 
tubercle bacilli on two days 

Guinea-pigs weze injected iiitia abdominally with blood from this cow as fol 
lows 

Jan 29, 1909, Guinea-pig 2793 recened 5 cc 
^ Jan 29, 1909, Guinea-pig 2794 received 5 c c 

Feb 5, 1909, Guinea-pig 2885 received 3 c c 
Feb 5, 1909, Guinea pig 288G received 3 c c 

Guinea pig 2794 died prematurely as the lesult of the injection Guinea-pig 
2886 died on March 5, 1909 (twenty eight days after the injection), of an intei- 
tercurrent affection, the autopsy revealed no lesions lesembling tubeieulosis 
Guinea pig 2793 was killed on April 13, 1909 (seventy-three days aftei injection), 
and on autopsy was found to be fiee from lesions of disease Guinea pig 2885 
was killed on April 13, 1909 {sixty-seven days after injection), and on autopsy 
was found to be fiee from lesions of disease 

CATTLE, LOT 4 

Cow 479 , geneial condition fan, but with gieatly enlniged throat glands, has 
been affected with tuberculosis about thiee years 

On Feb 4, 1909, two guinea-pigs, Nos 2873 and 2874, received each an intra- 
abdominal injection of 3 cc of her blood The guinea-pigs were killed on Apiil 
13, 1909 (si\ty-eight days after injection), and on autopsy were found to be free 
from lesions of disease 

Bull SOS, general condition good, has been affected with tubeieulosis about two 
and a half years 

On Feb 4, 1909, two guinea pigs, Kos 2867 and 2868, leceived each an intra- 
abdominal injection of 3 c c of Ins blood The guinea-pigs were killed on April 
12, 1909 (sixty seven days after injection), and on autopsy were found to be free 
from lesions of disease 

Coio JIT, general condition good, has been affected with tuberculosis about two 
and a half v ears 

On Feb 1, 1909, two guinea-pigs, Nos 2825 and 2826, received each an intra- 
abdominal injection of 3 cc of her blood Guinea-pig 2825 died of an intercuirent 
affection on Apiil 5, 1909 (sixty-three dajs after injection), and on autopsy was 
found to be free from lesions of tuberculosis Guinea-pig 2826 was killed April 13, 
1909 (seventy one days after injection), and on autopsy was found to be free from 
lesions of disease 

Cow 569, general condition fair, has been affected with tubeieulosis about two 
V eais 

On Feb 1, 1009, two guinea pigs. Nos 2819 and 2820, received each an iiitra- 

abdominal injection of 3 cc of her blood The guinea-pigs were killed Apiil 12, » 

1909 (seientv davs after injection) , and on autopsy were found to be free from 
lesions of disease 

Cow 030, general condition fair, has been affected with tuberculosis about one 
vear 

On Feb 3, 1909 two guinea pigs. Nos 2853 and 2854, received each an intta 

abdominal injection of 3 c c of her blood The guinea pigs were killed April 13, 

]W09 (sixtv-iunc davs after the injection), and on antopsv were found to be fico 
fiom lesions of disease 

Com 63’, general condition good has been affected with tuberculosis at least 
one vear 
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On Jan 30, 1909, U\o guinea-pigs. Nos 2807 and 2808, leceived each an intia- 
abdoniinal injection of 3 c c of her blood Guinea-pig 2808 died piematurely as a 
result of the injection Gumea-pig 2807 was killed on April 13, 1909 (seventy-two 
days after the injection), and on autopsy was found to be free fiom lesions of dis- 
ease 

Goto 634, general condition fan, has been affected with tubeiculosis at least 
one year 

On Jan 29, 1909, two guinea-pigs. Nos 2787 and 2788, received each an intia- 
abdoniinal injection of 5 c c of her blood The guinea-pigs were killed on Apiil 
12, 1909 (seventy-thiee days after the injection), and on autopsy i\ere found to be 
free from lesions of disease 

Coic> 641, general condition fair, has been affected with tuberculosis over two 
years 

On Jan 29, 1909, two guinea-pigs. Nos 2797 and 2798, leceived each an intia- 
abdominal injection of 5 c c of the blood of the cow, and on Feb 4, 1909 two 
guinea-pigs. Nos 2875 and 2876, received each a similar injection of 3 c c of blood 
Guinea-pig 2798 died prematurely as a result of the injection Guinea pig 2797 
was killed on April 12, 1909 (seventy-five days after the injection), and guinea- 
pigs 2875 and 2876 were killed on April 12, 1909 (sixty-seven days after the in- 
jection) The three guinea-pigs were found to be free from lesions of disease 

Goto 644, general condition fair, has been affected with tubeiculosis foui months 
or more 

On Feb 2, 1909, tno guinea-pigs. Nos 2849 and 2850, leeened each an intra- 
abdominal injection of 3 c c of blood of the cow The guinea-pigs were killed on 
April 13, 1909 (seventy days after the injection), and on autopsy veie found to be 
flee from lesions of disease 

Goio 645, general condition good, has been affected with tuberculosis three 
months or more , 

On Feb 2, 1909, two guinea-pigs, Nos 2845 and 2846, received each an intra- 
abdominal injection of 3 c c of her blood Guinea-pig 2845 died prematurely as a 
lesult of the injection Guinea-pig 2846 was killed on April 13, 1909 (seventy days 
after the injection), and on autopsy was found to be free from lesions of disease 

Goto 648, geneial condition good, has been affected with tuberculosis an un- 
known period of time She was brought to the experiment station only shortly 
before her blood was used for guinea-pig injections and reacted with tuberculin 

On Feb 2, 1909, two guinea-pigs. Nos 2837 and 2838, received each an intra- 
abdoniinal injection of 3 c c of her blood The guinea-pigs weie killed on April 
12, 1909 (sixty-nine days after the injection), and on autopsy were found to be 
fiee fiom lesions of disease 

Goio 657, general condition fan, has been affected with tuberculosis an un- 
known peiiod of time She was brought to the experiment station only shortly 
before her blood was used for guinea-pig injections, and reacted with tuberculin 

On Feb 2, 1909, two guinea-pigs, Nos 2841 and 2842, received each an intra- 
abdoniinal injection of 3 c c of her blood The guinea pigs were killed on April 
12, 1909 (sixty-nine days aftei the injection), and on autopsy were found to be 
free from lesions of disease 

The 42 cattle included in the lecoids aie all those that weie aiail- 
ahle for this investigation among the tubeieulous cattle kept for various 
pni poses at the Bnieaii of Animal Industry Bxpeiinient Station Th" 
general condition of the cattle is biiefly defined as good, faiil}^ good 
fair 01 poor and as these terms are used somewhat arbitrarih' it i- 
desnable to specify more piecisely the ideas thej’’ are intended to conre} 
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The Avoid “good” is used in connection with cattle that aie lealh in 
excellent, visible, physical condition and in which no one would suspect 
disease, the uoids “fairly good” are used to mean that condition com- 
monly found among dairy coavs of the better class, “fan' is used to 
designate a condition AAliich the average dairjman regards as satisfactoiy, 
and the AAord “poor” is used to qualify all cattle that are thin oi that 
show visible s}Tnptoms of disease 

Among the 42 cattle 27 , or 64 25 per cent , Aveie shoAA'n b}' micio- 
scopic examinations to be discharging tubercle bacilli from their hovels, 
in most instances intermittent!}', and the infectious character of the 
feces of 7 of the 42 cattle or 16 % per cent, was pioved by annual 
experiments, that is, feeding and inoculation tests 

The two facts, that 27 of the cattle were shoAvn by micioseopic tests 
to be expelling tubercle bacilli per rectum and that only 7 Avere pioved 
b} animal experiments to be passing infected feces, must not be taken as 
being in any sense contradictory, as the feces of only a sufficient niimbei 
of tuberculous cattle were tested by animal feeding and inoculation 
experiments to prove conclusively that the acid-fast bacilli found on 
micioscopic examinations in the feces of tubeieulous cattle aie eeitainl} 
liAe, virulent tubercle bacilli 

Relative to the expulsion of tubercle bacilli from the bowels of tubei- 
culous cattle, we wish to say that all the evidence we have indicates 
that the bacilli liaAe their origin in the lungs and throat, from aaIucIi 
regions they aie coughed up, swallowed, and passed through and out 
of the intestinal canal Avithout appreciable loss of pathogenic Aninlence 
That a laige proportion of the tubercle bacilli swalloiied by cattle lealh 
pass through then bodies and out per rectum, without a determinable 
loss of virulence, vas experimentally shovn in some of our earlier voik- 
AYe have absolutel}' no reason to belieA'e that tubercle bacilli entei the 
intestinal canal from the ^mph radicles or blood capillaries, or by aiiA 
complex and niAsteiious S3stem of transportation from lesions of all 
desciiptions and kinds in any or every portion of the body It is our 
conAiction that, unless an open tuberculosis is in more or less direct 
communication vitli the intestinal canal or there is a tuberculous disea=- 
of the intestine itself, aaIucIi latter is lare among cattle no tiibeiclc 
bacilli amII be expelled vith the feces 

If tuberculosis in all its forms Aia^ a bacteriemia, the expulsion of 
tubcicle bacilli fioiii the bovels of all tuberculous individual, as veil 

2 Bull SS and 00, Burcxii of Ainnnl Iinlustn 
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as then nrme, saliva, milk and other bodily secretions, vould fol- 

loir as a natural consequence Those ivho have carefully studied the 
secietions from the uninvolved organs of tuberculous subjects Imow 
how rarely tubercle bacilli are detected in them, even with the applica- 
tion of the most delicate tests 

When we consider cattle like IsTos 533, 549 and 552, three of the 
foul animals of which autopsy records are given, and note that they 
weie so badly diseased that they would have been condemned on super- 
ficial examination as wholly unfit for use as food under the existing meat 
inspection regulations, the absence of tubercle bacilli from then blood 
may be regarded as a sufficient reason for assuming that the possible 
occurrence of tubercle bacilli in the blood of tuberculous animals will 
almost invariably be associated with pathologic conditions of a ver}^ 
maiked character, or that the tubercle bacilli will be present in extremely 
small numbers and will speedily be filtered out of the blood stream 
Cow 533 had been affected with tuberculosis two years or longer, was 
in poor condition as a result of the disease, and on autopsy was found 
to have an extensive, open tubeiculosis of the lung, and lesions of tuber- 
culosis in the liver, and in both the thoiacic and abdominal Ijmiph 
glands Cow 549 was, if anjdhmg, even more severely and extensively 
affected, and less than a year before her blood was injected into guinea- 
pigs had given birth to a congenitally tuberculous calf Cow 652 was 
also affected with generalized, advanced, open tuberculosis, and prior to 
the use of her blood for guinea-pig injections was found to be passing 
large numbeis of tubercle bacilli from her bowels, which were pioved by 
feeding tests to be virulent for hogs, and by moculation tests to be 
vmilent for gumea-pigs With the blood obtained from these 3 cows 14 
guinea-pigs were injected, 12 of which lived two months or more after- 
waid, until they were intentionally killed, when they were found on 
postmoitem examination to be wholly free from lesions of disease of any 
kind 

The possibility exists that tubercle bacilli introduced into the stom- 
ach and mtestme by swallowing may be taken up b}^ the hunpli radicles, 
passed along the lymph channels and emptied through the great Ijunph 
ducts mto the venous circulation The investigations of hTicolas and 
Descos Eavenel, Calmette and Guerm, Schlossman and Engle, and others 
speak for this but such tubercle bacilli will not be verj* numerous and 
will no doubt be filteied out of the blood as soon as it reaches the lung 
thioiigh the heart and pulmonary arteries to which it passes direct!} 
aftei it has received the lymph stream 
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CONCLUSIONS 

AYe failed iitteily to find tubercle bacilli in the blood of tubeiculous 
cattle winch ue examined microscopiealty in aecordanee uitli the method 
described and used by Dr Eosenberger 

The negative results of oui microscopic examinations are confirmed 
by the negative results obtained with 88 guinea-pigs, each of vhicli 
leceived an intra-abdominal injection of blood from a tuberculous cov 
01 bull 

As the number of cattle from winch blood was injected into the 88 
guinea-pigs is 42, and as these cattle represented practically all stages of 
tuberculosis, from mildly affected, recent cases to old and completely 
generalized cases, we feel that our work shows beyond the remotest doubt 
that tuberculosis is not to be classified, in any sense of the word, as a 
bacteriemia 

SUPPLEMENT 

In the foiegomg article we made the statement “The possibility exists that 
the intrapentoneal injection of from 3 to 5 e c of fresh, warm blood from tiibei- 
ciiloiis cattle induces an immunity in guinea-pigs to the tubercle bacilli the blood 
may contain Though this view is purely hypothetical and we know of nothing to 
sustain it, ve have undertaken an investigation to prove or disprove it, and uill 
append the results to this aiticle if they are ready before it goes to the punter” 
The results of the additional investigation are now ready and are given in this sup 
plement 

On April 24, 1909, blood and tuberculous mateiial vveie obtained fioni Cow 533 
(see record 8) for a number of guinea-pig injections Tlie primaiy object of the 
injections was to prove that the blood of a tuberculous cow', when introduced into 
the peritoneal cavnty of a guinea-pig, has no retarding influence on the develop 
ment of tuberculosis from tubercle bacilli that may be present in such blood 

Cow 533 was first bled from the jugular vein and then at once killed As soon 
as she was dead a tuberculous mediastinal gland was removed from her body and 
500 mg of it emulsified with 2 c c of sterile, normal salt solution Cover glasses 
of this emulsion, stained with carbolfuchsin and decolorized with 20 per cent 
sulphuric acid, on microscopic examination revealed, on an average, two tiibeicle 
bacilli each The emulsion was mixed with an additional quantity of sterile, nor- 
mal salt solution, so that each cubic centimeter of the dilution represented a 
strength equal to one drop of the onginal emulsion 

The blood obtained from the cow prior to her death, and the diluted emulsion 
made with the tuberculous racdiastinnl gland from her bodv, were used to inject 
seven groups of guinea-pigs, the records of which follow 

Group 1 — On April 24, 1909, eight guinea-pigs. Nos 3G2G to 3G33 inclusive, 
received each an intra abdominal injection of 3 cc of freshly drawn, warm blood 
On :Mav G, 1900, guinea pig 3027 died affected with congestion of the lungs On 
autopsv no lesions of tuberculosis were found On ^lay 27 and 28, 1909, guinea 
pigs Nos .3020, 3028 3029, 3030, 3031, 3032 and 3033 were killed and examined 
postmortem No lesions of tuberculosis or other disease were found 

Gioup 2— On April 24, 1909, eight guinea-pigs. No® 3042 to 3049 inclusive re 
ceivcd each an intra abdominal injection of 3 cc of freshly drawn blood followed 
IE quickly as possible by an intra abdominal injection of 0 5 c c of tuberculous 
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emulsion On Apiil 30, 1909, guinea-pig 3642 died affected with inflammation of 
the laige bowel On May 27, 1909, guinea-pigs 3643, 3644, 3645, 3646, 3647, 3648 
and S649 were killed and examined postmoitem Every one of the seven guinea- 
pigs was found to be affected with generalized tubeiculosis of the abdominal and 
thoiaoic oigans 

Group 3 — On April 24, 1909, eight guinea-pigs. Nos 3634 to 3641 inclusive, le- 
cencd each an intra-abdominal injection of freshly drawn, warm blood, followed as 
soon as possible by a subcutaneous injection into the right thigh of 0 5 c c of 
emulsion On May 27, 1909, guinea-pigs 3636 and 3637, and on May 28, 1909, 
guinea-pigs 3634, 3635, 3638, 3639, 3640 and 3641 were killed and examined post- 
mortem The eight guinea-pigs all showed more or less extensive lesions of tubei- 
culosis at the seat of the subcutaneous injection, tuberculosis of the adjacent, 
superficial inguinal gland, tuberculosis of the pelvic, lumbar and gastrohepatie 
glands and a sprinkling of tuberculous foci in the liver and spleen 

Gioup Jf — On April 24, 1909, eight guinea-pigs, Nos 365S to 3665 inclusive, 
received each an intra-abdominal injection of 3 ec of a mixture of defibrinated 
blood and tuberculous emulsion Each 3 e c of this mixture u as equii alent to 
0 5 c e of the earljer described, diluted tuberculous emulsion The mixture was 
two hours old at the time it was injected into the guinea-pigs On Apiil 25, 1909, 
guinea-pigs 3659, 3660 and 3661 died The postmortem examination shoued no 
lesions excepting a congested condition of the lungs and a quantitj’’ of unabsoibed 
blood in the peritoneal cavity On May 12, 1909, guinea-pig 3662 died affected with 
congestion of the lungs, no lesions of tuberculosis were found On May 27, 1909, 
guinea-pigs 3658, 3663, 3664 and 3665 were killed and examined postmoitem 
Three of the guinea-pigs were affected with completely generalized tuberculosis of 
the abdominal and thoracic organs and one. No 3665, with generalized tubeiculosis 
of the abdominal organs only 

Gioup 5 — On April 26, 1909, eight guinea-pigs. Nos 3670 to 3677 inclusive, 
received each an intra-ahdominal injection of 3 cc of the same mixture of blood 
and tuberculous emulsion used for the guinea-pigs of group 4 The mixture was 
forty-five hours old at the time it was injected into the guinea-pigs On May 27, 
1909, guinea-pigs 3670, 3671, 3672, 3673, 3674 3675, 3676 and 3677 were killed and 
examined postmortem Seven of the guinea-pigs were affected with generalized 
tuberculosis of the abdominal and thoracic organs and one, No 3672, with general- 
ized tuberculosis of the abdominal organs only 


Gioup 6 — On April 24, 1909, four guinea-pigs. Nos 3650 to 3653 inclusive, le- 
ceived each an intra-abdominal injection of 0 5 c c of tuberculous emulsion On 
May 6 1909, guinea-pig 3651 died affected with congestion of the lungs On May 
27, 1909, guinea-pigs 3650, 3652 and 3653 were killed and examined postmortem 
Guinea-pig 3650 showed tuberculous lesions of the spleen and omentum only and 
guinea-pigs 3652 and 3653 shcm^ed a fairly generalized tuberculosis of the ab 


dominal and thoracic organs 

Gioup 7 — On April 24, 1909, four guinea-pigs. Nos 3654 to 3657 inclusive, le- 
ceiied each a subcutaneous injection, right thigh, of 0 5 c c of tuberculous emul- 
sion On May 27, 1909, guinea-pigs 3654, 3655, 3656 and 3657 were k^ed an 
examined postmortem Guinea-pigs 3654 and 3656 showed each a sma u ei 
culous abscess at the seat of injection, a tuberculous condition of the superhcial 
inguinal gland near the seat of injection and a fairly generalized tuberculosis ot 
the pehic and abdominal organs Guinea-pigs 3655 and 3657 shoved similar 
lesions, with the exception of abscesses at the seat of injection 

The guinea-pigs in the seien different gioups uere injected foi the fo] loving 

pill poses Group 1 to sene as checks on the absence or presence of tubercle bacilli 
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in the blood of the tuberculous cow that iias used for the imestigation, Gioup 2, 
to show that the intia-abdominal injection of fiesh, waini blood fiom a tubeiculous 
cow can not protect against tubeicle bacilli simultaneously intioduced into the ab 
dominal cavity. Group 3, to show that the intra abdominal injections of fiesh, 
warm blood from a tuberculous cow can not protect against tubercle bacilli intio 
duced into other parts of the body than the abdominal cavity, Gioups 4 and 5, to 
show that the blood of tuberculous cows hao no special germicidal potency foi 
tubercle bacilli, and Groups G and 7 to serve as guides lelatne to the amount of 
tuberculous disease to be expected in the bodies of the guinea-pigs that were in 
jected with both blood and emulsion of tuberculous material 

The autopsy records of the guinea pigs show, in a general w ay, i eiy little dif 
ference between the animals that leceived only tuberculous emulsion and those that 
lecened both blood and emulsion The guinea pigs that iceived both blood and 
emulsion into their abdominal cavities showed numerically more extensive lesions 
of tuberculosis than the guinea-pigs that received only emulsion into their ab 
doniinal cavities This condition would naturally be expected because the same 
number of tubercle bacilli contained in 3 cc of blood would be more widelv 
separated and in better condition to start a large number of individual lesions 
than those in 0 a c c of salt solution 

The total number of guinea-pigs injected in this supplemental investigation is 
48, of which 8 receiied blood onlj% 32 both blood and tubeiculous mateiial 
and 8 tuberculous material only Of the 32 that received both blood and tuber- 
culous material and the 8 that received only tuberculous material, 6 guinea-pigs 
died prematurely and the lemaining 34, when they were killed, thirty to thirty- 
one days after the injection, weie all found to be affected with tuberculosis of a 
form that would have progressed to death in a short time 

Among the 8 guinea-pigs that received an injection of fresh warm blood with 
out the addition of tuberculous material, 1 died prematurely and the lemaming 
7 were found on autopsy to be free from lesions of disease As the cow that sup 
plied the blood for the injections was affected, as her record shows, with ex- 
tensive, advanced tuberculosis, the 7 guinea-pigs make a strong addition to the 
88 parallel guinea pigs of which the records are giv'en in the article to which this 
supplement is attached, and hence we have 95 guinea-pigs as the total number 
that received injections of blood from tuberculous cattle into then peritoneal 
cavities, the most delicate test foi tubercle bacilli available and suivived the 
injection long enough for tuberculosis to clearly manifest itself Among this 
total of 95 guinea-pigs, not one case of tuberculosis dev^eloped 

The use of an emulsion of tuberculous tissue from the tuberculous cow that 
supplied the blood for the supplemental injections was preferred to the use of a 
pure culture of tubercle bacilli, because it seemed preferable to us to use infec 
tious material and blood in this instance from the same individual case of tuber- 
culosis 

The conclusion we draw from our work is this If tubercle bacilli ever float 
in the eirculating blood of tuberculous individuals, the occurrence is very rare, 
so lare indeed, that no form of tuberculosis can reasonably be characterized ns 
a bacteriemia “ 

IMohlei examined the blood of 8 cattle microscopically and with blood from 
each of these cattle injected 5 guinea pigs The microscopic examinations and 
injections were made preciselv in the manner described by Dr Eosenbeiger Xo 
tubercle bacilli were discovered microscopically and not one of the 40 injetted 

3 An independent investigation relative to the occurience of ftibcrtlc bacilli 
in the circulating blood of cattle vva® made at the rcderil Bureau of Animal In 
dustrv bv Dr John R iMohler Chief of the Div ision of Pathologv 
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gumea-pigs contracted tuberculosis Two of the 8 cattle were id good condition, 
but were passing tubeicle bacilli from their bowels, 2 of the cattle were in poor 
condition and were passing tubercle bacilli from their bowels, and 4 of the cattle 
weie slaughtered for meat, but on inspection were found to be so extensively 
affected with tuberculosis that it was necessary to condemn and tank their car- 
casses under the federal meat inspection regulations 

This additional investigation is especially important because the methods used 
to discover tubercle bacilli in the blood were identical throughout with those 
used by Dr Rosenberger, and which, in Rosenberger’s work, invariably gave posi- 
tive lesults 



THE EELAPSIHG FEVEE OF PANAMA-^ 


SAJIUEL T DAELIXG, M D 

AXCOX, CAXAL ZOXE 

Publication of this papei has been Mitbbelcl by the iiriter in ouh'r 
that the animal reactions of the neii Moild monke)s might be ■ttoiked 
out, and also that further attempts to pioduce a poh valent hjperim- 
mune serum might be made, but it is thought that the papei should now 
be published as it is, as the production of an immune seiiim can be much 
bettei accomplished neai a constant and larger supply of laboiatoiy 
animals 

INTRODUCTIOX^ 

As Nov}^^ Mackie- and otheis,^ in pait, have pointed out, it is pos* 
sible nith the means at piesent at oui disposal to sepaiate the spiio- 
clietes causing lelapsmg fe\er into foui gioups, the sepaiation being 
based on animal leactions specific chaiacteis, such as agglutination and 
immunity, and ceitain clinical features of the infection in man 

This paper deals chiefly iiith <?ome of the characters of the spiiochete 
causing the relapsing fever of the Isthmus of Panama The vork was 
done at Ancon Hospital diiiing the peiiod between Juh, 1907 and 
Febiuan, 1908 

Pelapsing feiei ha^ been lepoited from time to time in the canal 
/one since the Ameiican occupation in 1904 Most of the cases have 
been fiom Colon Hospital about tv\ent 3 -five in numbei, and five from 
Ancon Hospital (Panama) Thev have occnired chieflv among vvliitc 
laboieis and have been distributed among Italians, Spaniards, Turk=, 
Germans Scotch, Gieeks and Amei leans The patients have all been 
seen in the wards where the diagnosis lias been made bv blood exaniina 
tioiis, and thev have all presented the classical features of lelapsmg fever 
with two or moie iclap=e': 

*Tlie greater portion of this investigation was read at the Canal Zone Med 
ical Association, Ancon, C Z , Feb 8, 1908 

1 Now, F G and Kmpp R E Jour Infect Dis , 1000, iii, 20] 

2 2^Iackio r P NY ^led Jour ]O0S Kwvin 037 

3 Ehlenluith and Hacndcl Arb a d k G«ndhtsanite 1007, wvi, h 1 1 

Mnntenfel Arb a d k Gsndhtsamtc , xxvii, h 2,327 

Shellack, C Arb a d k Gsndhtsamtc , vxv ii, h 2, 3C4 

Marchouv E and Salinibeni A Ann de I’lnst Pasteur, 1903, vvii, 509 
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Carlisle'* lias given ns an excellent snmmai’y of the geogiapliical dis- 
tiibution of lelapsmg fevei With regaid to Aineiica, a few sporadic 
cases and one epidemic have been reported rrr the United States, all of 
them being traced to recen% arrrved rmmrgrants or sailors Cases have 
been lepoited fioirr Tuxpain, Mexico, a seaport between Vera Cruz and 
Tampico, and from Cuba, Pern, Chile and Bolivia Hiisch® in 1881 
stated that nothing was knonn of its existence in Central and South 
Ameiica Dr E Franco® of Bogota, U S of Colombia, has dis- 
covered a febrile spirochetosis, the spirochete of vdiich, it is sard, can not 
be differentiated from Sp duttom Oimihodoios tuncliatus is thought 
to be the species of tick which conve 3 'S the disease It may be that the 
relapsing fever of Panama has been introduced from the United States 
of Colombia, where it appears to be endemic 

There aie no records of the disease having been recognized on the 
Isthmus of Panama pievious to 1905 If it appeared here before that 
date it "vias probably called “malarial fever’’ or “typhus fever ” In the 
absence of an absolute diagnostic criterion many cases of relapsing fever 
m the past must have been confounded with typhus and malarial fevers 

It would be disappointing to find in a disease of so wide a geograph- 
ical distribution as relapsing fever that Hippocrates'^ had not made 
some clinical observations, and are, therefore, not surprised to learn 
of an epidemic occur iing in the island of Thasus, oS the coast of 
Thrace, described by Hippocrates, presenting many featuies of resem- 
blance to relapsing fever “The chief points of resemblance betw^een the 
ancient and modern epidemics aie the invariable occuirence of relapses, 
the marked character of the crrses, and the frequent assocratrons with 
the more ordinary events of the disease of copious peispirations, hemor- 
rhages particularly epistaxis, jaundice and splenic enlaigenients ”® 

From Carlisle’s summary of the vairous reported epidemics and 
sporadic cases 'we learn that at one period relapsing fever was regarded 
as being indigenous to the British Isles J Waibuiton Begbie® gave as 
a symonMir the term “epidemic fever of Scotland or Ireland” 

4 Caihsle, II J Join Infect Dis , 1906, in, 233 

o Hu sell, A (see Cailisle) Handbook of Geogiapliical and Histological 
Pathology, i, London, 1SS3 

C Blancliaid P Bull Acad 3Ied , 1907, 5111 Absti m Join Tiop Hed 
and Hyg 1908, xi, 58 

7 Hippoeiates Epideinioinni Hippociatis, Liber Piiiniis, Sectio Secnnda, 
Status Teitius 

5 Begbie J W Eeinolds’ System of Jledicine, Lippmcott, Philadelphia, 
edition 2, i, 456 
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' Eelapsiug fe\ei has fiequently Ijeen associated ivith typlras feier and 
with the insanitaij conditions which favoi the development of tjphns 
fever It was recognized in Scotland and Iieland as early as 1817 and 
aftei several epidemics nas last seen there in 1871 The cases in the 
United States reported by Austin Flint occuiied in 1850-51 Clyniei 
at Philadelphia in 1814 lecognized it among lush immigrants there 
It vas at tins time that relapsing fever was very prevalent in the British 
Islands, particularlj at Edinbiiigli The disease in the United States 
did not spread very far A few cases oecnired in Washington Mai 3 - 
land, ISTew Jersey and Connecticut One case uas noted in Boston 
Flint's cases uere observed in Buffalo, where he vas practicing at that 
time Philadelphia and ISTew Yoik City were visited by an epidemic in 
1869 

There have been nuiueious epidemics in Europe, occuriing in Eussia 
foi the first time in 1833 at Odessa, a seaport There ha^e been epidem- 
ics in St Petersbiug, Warsaw, Moscow', Novgorod and many other places 
in Eussia The United States Consul-General’s office reports the total 
numbei of deaths in Eussia from relapsing fever in 1901 as given by 
the Medical Department to be 2 466 out of a total of oiei 700,000 
deaths from infectious diseases 

Man} ^cases have been repoited from India H Yand}ke Carter® 
thought that relapsing fever was constantly present in Bomba} 

Germany has been visited by epidemics from time to time Obei- 
meiei^® made his obsonations on relapsing fever during the epidemic of 
1868-73 in Beilin Germany has been free from an epidemic since 1880 
One imported case was diseoveied in Hambiiig in the person of a Pei- 
sian eniigiant on his war to the United States In spite of the emigia- 
tion fioin Eussia at present and from Great Britain and Iieland in the 
past when epidemic-s of relapsing fbvei were piesent. it is to be noted 
that the disease has never gained a foothold in the United States 
Eelapsing feiei patients are infectious foi a lery long period, fom 
to seien weeks throughout the entire course of the disease, gnmg a 
suctorial insect oi acaiid abundant opportunities to take on the spno- 
chete so that its failuie to spread when introduced is stiongl} indicatne 
that the conditions are unsuitable for the continued evistence of the 
inteimediaii oi alternate hosts — insects, acaiid or lat 

The spiead of relapsing feier during the past centun mai be related 
to the distribution o£ d/ns deeuwanvs oier Europe and around the world 

n Carter II V Spiullum ro\er London 18S2 
10 OUcinnioi O Centialt'l I d nicd W i-'en-cli , ISi 1 ji 14 t 
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Fiom a study of the epidemiology of i elapsing fever we would expect 
to find cases appear in seapoit towns and those in the inteiior reached 
by emigrants or sailois from places where i elapsing fever was endemic 
Thirty-one cases of i elapsing fever have been recognized in the Com- 
mission hospitals in the canal zone during thiee yeais out of about 
65,000 admissions, where blood examinations are made of every patient 
enteimg the medical wards The disease heie has not been confined to 
one race oi nationality 

Table 1 records certain clinical data of interest in connection with 
seventeen cases occuriing during 1907 


Table 1 — Clixical Data in 17 Cases 


Whites (15) 


Anieiicans 4 

Geimans 2 

Spaniaids 4 

Scotch 2 

Italians 1 


Gieek 1 

Tuik 1 

Blacks (2) 

Maitiniquan - 1 

Antiguan. . 1 


Ages 


13 yeais 

21 yeais 

22 years 
26 j'eais 
i" j'eais 
30 jears 
32 yeais 

35 years 

36 yeais 

39 yeais 

40 yeais 

44 yeais 

45 years 


Length of Residence on the isthhus 
(2 months to 3 yeais) 


1 2 months 1 

1 3 months 4 

1 4 months 1 

1 4% months 1 

3 5 months 1 

2 6 months 1 

2 6% months 2 

1 7 months 1 

1 11 months 1 

1 15 months 1 

1 24 months 1 

1 30 months 1 

1 36 months 1 


Occupations 


LaboiPis 11 

Caipenteis 2 

Cable operatoi 1 

Sailor (diedge) 1 

Engineei 1 

Unknown 1 


Place or Residence on the Isthmus 
Colon and Ciistobal 5 

Rio Grande 1 

Ancon diedge (suction) 1 

GTtun ‘ 

Emplie 1 

Mindi 1 

Coiozal 1 


It IS to he noted m Table 1 that there is a dispioportionate number 
of cases among white employes — 7 to 1 — ^ivhile the number of white to 
negro employes during the period from which the data was compiled 
vas moie nearly 2 to 7 The average number of white employes for the 
yeai 1907 was 10,709, while the average numbei of black employes for 
the same period was 28,634 The seventeen cases tabulated were distrib- 
uted among natives of nine countries, who had lived on the isthmus from 
tvo to thiity-six months, thirteen of the seventeen patients, in all proba- 
bilit}’’, developed the disease on the Atlantic or Colon side of the isthmus, 
vheie theie appeal to be two foci of infection, Colon and Gatun, the for- 
mei a seapoit and the latter a village six miles fiom Colon on the Pan- 



154 


RELAPSING FEVER OF PAFAMA 


ama railroad, on the site of the proposed locks, iihere a large niiiiibei of 
laborers are quartered 

It IS not intended to discuss, at any length, the clinical aspects of 
relapsing fever, but, more particularly, to give an account of some obser- 
vations ivhieli it is hoped mil throw some light on the nature of tbe 
micro-organism causing the fever found on the Isthmus of Panama 
Attempts to identify the spirochete of relapsing fever bj means of 
morphological and staining characters aie sub]ect to grave inacciii acres, 
for there is a fairly wide limit to the variations of length u idtli, num- 
ber of spirals, legiilaiity of curvature and homogeneity in the same 
strain in different animals of the same species and at different periods 
during the infection 

The terms "spirillum’ and spirochete’ are used at present indis- 
ciiminatelj when applied to the micro-organism causing relapsing feiei 
With high magmficatiou and better methods of staining and cultivation 
it may be possible to classify the spiral-shaped micro-oiganisni in groups 
according to size, the number and arrangement of flagella, according to 
then shape — cylindrical or ribbon-shaped, according to then patliogeii- 
icit}', according to then amenability to culture 

Spirochetes are almost as widespread as bacteiia In the blood stream 
thei are associated with relapsing fevei ni men and the spnillosis of 
geese, goats, horses, rats, mice, fowl, sheep, eous and bats Spirochetes 
have been found in non-specific ulcers on the external genitalia iilceis on 
the legs or body tropical ulcers, in stomatitis and in intestinal inflam- 
mation and ulceration They hare been found at aiitopsi here in Pan- 
ama in most cases of gangiene of the lung and in other lesions of tbe les- 
piiatoi} tract In a case of sprue, recently, smears fioni a parchment- 
like membrane at the maigm of the teeth shoved a pure cultiiie of spiio- 
chetes and fusiform bacilli Spirochetes are practically always found in 
inflammatory conditions of the moiitli particularly of the gums It is 
not uncommon to find spirochetes associated vith protozoa in infection^- 
of the intestinal tract of man and the lover animals 

Insects harbor spirochetes, vhicli hare been found in then intes- 
tinal tiact sexual organs and ova Several varieties of spirochetes are 
found in natural vater® paiticiilaih in the mi face pollicles of stagnant 
waters 

SchandiniP^ directed the attention of the medical vorld to a gioiip 
of spiral-shaped micio-oigani=m= more cspecialh to one member of the 
eioup vhich he has designated Treponema pnlhdum, and vith IToff- 

n Pdunulmn T met llofrnnnn E G‘:n(llit=anito lOO") wu 527 
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rnann^ in 1905, lias shown to he almost constantly present in the tissues 
of persons suffering fiom syphilis The same yeai Castellani^- clesciihed 
the spirochetes found in yaws 

The spirochete of relapsing fever was discoveied by Obermeier in 
1873, who observed it for the first time in 1868 while studying an epi- 
demic of relapsing fevei in Beilin Obermeier's observations were made 
vith the spirochete of European i elapsing fever, a disease belonging to 
the general class of relapsing fevers, but one which must be differen- 
tiated from the tick-fevei of Africa and the fevers of Bombay and tlie 
Isthmus of Panama 

It IS impossible at the present time to differentiate the varieties of 
spirochetes of lecuiient fever b}^ cultural methods, and it can not be 
said that morphology afford^ an accurate means of distinguishing them, 
for in the observations on the isthmian lelapsing fever the spirochete has 
exhibited considerable variation in size, length, number of spirals and 
in staining qualities It will be necessary then to adopt as a means of 
differentiation the effects of the micro-organism on man and susceptible 
animals — animal reactions and the effect of the serums and cells of sus- 
ceptible animals on the micio-oiganism — agglutination, lysis and phago- 
cytosis 

H Vandyke Carter published some notes in 1877 and a complete 
description in 1882 of the spirillum fever of Bombay The disease ap- 
peared m Bombay in 1877, being introduced by immigrants from famine 
distiicts Carter successfully inoculated monkeys with the spirochete of 
Bomba}’’ fever Eogers’^^ description of the epidemic is very much like 
that of WelslP^ of an eaily epidemic in Scotland, the disease spreading 
through families and attacking clinical cleiks and hospital attendants 
According to Norman Chevers and Carter, i elapsing fevei has always 
existed in India During periods of famine the mortalitv has been veil 
high It is to be noted that vermin are particularly active in debilitated 
persons 

Human tick-fevei, or tlie relapsing fever of the Congo was fir«t 
observed by Livingstone^® in 1857 The etiologic factor, Sp duUom, 

12 Castellam, A Jom Ceylon But Med Assn , lOOoj n, 54 

13 BogerSj L Feieis in the Tiopics, London 1908, Oxford Sled Pub lea 
tion Hemy Fioiide 

14 Welsh, B A piactical ti entire on the efficacv of blood-letting etc, 

Edinburgh, 1819 , 

16 Lningstone Missionaiy Travels and Eesearches John IMuiray London, 

1857 Chapteis xiv p^i 283 382 xx\, pp 628 620 
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■nas discoreiecl Boss^‘ and Milne in 190d and b}^ Dutton and 
Todd^® m tbe same yeai 

Dutton and Todd studied tbe disease in man and monkeys and pio- 
diiced the disease in monkej^s by means of natuially infected ticks, Oim- 
tliodoios moubaia, and in one experiment by means of 3 ’’oiing ticks, newly 
hatched in the laboratory, from eggs laid by infected parents 

In America theie have been several epidemics and occasionally spor- 
adic cases In the earlier epidemics in the United States, the disease was 
introduced by Irish emigiants Moie recently sporadic cases have been 
repoited in the United States among Eussians, Aimenians, oi Spaniards 
The disease m most instances has been the European variety and is, un- 
doiibtedl}^, of this type in the tivo cases reported recentl}^ bi' Goldfaib 
There is, howevei, a distinctly American type of the disease, such as the 
cases seen in Panama and the two cases studied by Cai lisle 

Eatal eases of relapsing fever were reported from Tuxpam, Mexico, 
during 1905 On the Istlimus of Panama, the disease vas hist observed 
and the diagnosis verified by blood examination at Colon Hospital in 
1905, since when theie have been recognized at Colon and Ancon hos- 
pitals 31 cases 

Carlisle reported two cases of the Ameiican t 3 ^pe m 1905 occuiimg 
at Bellevue Hospital, Hew Yoik City The second case vas derived from 
the first through the bite of an infected monkey The first vas that of a 
ship steward who had recently visited Galveston and Key West 

Among leeent studies of relapsing fevei aie those of Bieinl and 
Kinghoin-® on Sp diiitonij Korns, Pappenheimer and Pleuinoy-’^ and 
Carlisle, and Kovy and Knapp’s "Studies in Sjwdl'um Oheimexen” 
Kovy and Knapp fell into an erioi in calling the spiiochete studied so 
thoroughly by them Sp oheimeten The clinical course of tire disease m 
Carlisle’s case and the animal reaction of the spirochete as determined 
by Koiiis and Kovy are those of the relapsing fever of Ameiica, not that 
of Euiope Maekie has recently leported an epidemic in India in vhich 
the body louse wus thought to be the transmitting agent 


Blit Med Jour, 1904, n, 1453 
Memoii xMi, Lnerpool School of Tiopieal 
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The spiiochetes of relapsing fevei ma}'- be placed in four gioups 

Gioup A — The group causing a relapsing or recurring infection in man, 
monkejs, ivliite mice and uhite lats, including Sp dnttoni and the tick-feiei of 
Africa 

Gioup B — ^The group causing a leeuinng infection in man, monkeys and 
■white mice, but ivitli a single paro^.ysm m white rats This group comprises the 
relapsing fever of Panama and the two cases studied by Carlisle 

Gioup G — The group causing a recurring infection in man and monkeys but 
failing to cause an infection in small rodents with blood direct from human 
sources, yet causing an infection in small rodents after a preliminary passage 
through the monkey This group includes the relapsing fever of Europe, caused 
by Sp dbermeieii 

Gioup D — ^The group causing a recurring infection in man and monkeys but 
onlv transient infections in white rats and white mice This group includes the 
relapsing fevei of Bombaj' caused by Sp carieri 



l^ig 1 — ^Couise of case of relapsing fever of Afiica Note the lemissions and intenm«siotis dining 


These gioups aie also separated b} differences in the clinical coiiisa 
of the respective fevers in man The relapsing fever of Africa (Fig 1) 
IS shaiph differentiated from that of Asia, Europe and America bv ani- 
mal leactions specific agglutination, immunitj and clinical features 
The fevei of Europe (Fig 2) is different from that of Asia and 
Ameiica in the duiation of the febrile parow^m which i= longer in the 
Euiope.in tvpe than the others and bv animal reactions and other specific 
chaiactcis cuch as agglutination and immunitv 

Tlie fevei of Asia or Bonibav diffeis from that of Ameiica chieflv in 
the animal reactions of the spiiochete and the clinical feature' of the 
di'case the Asiatic fever being more fatal 
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Fuithermore, as has been determined m this im estigation, theie is 
an individuality to the strains of spirochetes of the same species in the 
same locality, for an animal immunized to one strain is not immune to 
another stiain from a different human source “■ 

In this investigation of the relapsing fever of Panama the animal 
leactions of ivliite mice, white and wild rats and monkeys have been 
worked out Experiments in immunity have been carried out, parallel 
infections with Tiypanosoma lewm have been studied, and the part 
plajed by the liver m the infection has been inquiied into The specific 
nature of stains has been investigated, and the effect of certain aniliii 
d3'es in loveimg the resistance of inoculated animals to the infection ha'J 
been noted 



tlie paroxysm and the subnormal oscillations of temperature during the afebiile period 


SOURCE OP THE SPIROCHETES USED IM THIS WORK 

Animals have been inoculated fiom four patients, but onl} two of the 
stiams so deiived have been cained on for any length of time The tvo 
stiains used m this investigation will be designated 3=5 A and B 

ORIGIH OF STRAIK A 

Patient— Jj G , hospital No 33,107, from Mhom this strain was obtained nas 
a laborei, natne of Spam, aged 39, length of residence on the Isthmus, three 
rears residence Gatun, a village in the Canal Zone, six miles from Coon, an 
one of the foci of infection (See Fig 3 ) 

22 I hare since learned that Carl Frankel (abstr in Jour. Trop .Wed and 
Hyg, 1908, XI, 70, from Klin Med, 1907, p 928) has made a similar ob=enation 
ruth legal d to the spirochetes of the African fever 
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Pievioiis 3'istoiy — ^The patient was twice in hospital, two weeks in Colon 
hospital and two weeks in Ancon hospital He had not taken quinin 

Pjesent Ilhiess — He has been ill foui days Onset w'lth chill followed by 
feiei, since wdien he has had seieral chills and much fever ' 

Glimcal Notes (By D Summersgill) — The spleen w^as enlarged and teiidei, 
lungs, glands, li\er, skin, blood vessels, nervous S 3 'stem, urine and stool negatiie 
The blood contained a few spirochetes Blood was taken for animal inoculation 
Oct 11, 1907, at 3 30 p m, wdien the temperature was 102 F Spirochetes were 
present in the peripheral blood at this time Four cubic centimeters of blood 
fioin Aein at elbow were inoculated intraperitoneally into a small monkey cehus 
and 2 cc intiapeiitoneally in two white rats and tw'o white mice 


ORIGIN OF STRAIN B 

Patient — B J (See Fig 4), from whom this strain was obtained, was a pa- 
tient in Colon hospital, laborer, native of Turkey, age 27, residence, Gatun, 
length of 1 esidence on the Isthmus, siv. and one half months 

Previous History — ^The patient had been_in hospital once, -had_had_nialaua_ 

raanj’’ times, no dj'sentery 

Piesent Illness — ^He had been sick three months, had swelling of feet with 
ulceration, and weakness 

Physical Examination (By Di Brem) — ^Abdomen pendulous Movable flat- 
ness in flank — indistinct fluid Mucosie pale Liver enlarged Skin wavy 
Tongue pale, flabbj' and coated Lungs and glands negative Spleen palpable 
9 cm below costal margin Blood vessels soft ‘Pulse full Heart Presystolic 
murmur prolonged into sj’'stole, blowing and coarse, heard all oier precoidium 
with ma\imum intensity at apev, pause in aortic and pulmonary area, tians 
mitted into lessels of neck, to avilla and towards sternum along costal margin 
Feb 5, 1908 Apev beat not visible Palpable in the fourth and third inter- 
spaces, 12 cm to the left of the sternum Soft bruit aecompanjung the liist 
sound all oier precordium Best at ape\ Blood pressure 116 

Leucocytes, Jan 21, 1908, 4,500, Jan 22, 1908, 6,000 

Bed blood cells, Feb 3, 1908, 4,800,000, red blood cells, Jan 8, 1908, 3,344,000 

Hemoglobin Jan 15, 1908, 70 to 75 per cent , Jan 16, 1908, 55 per cent , 
Feb 2, 1908, 69 per cent 

Uiine and stools, negative 

Blood taken from patient's arm Jan 21, 1908, and inoculated into two white 
nts intraperitoneall}’’ 

CHARACTERISTICS OF THE rMICRO-ORGANISJI 

In Innnan blood, in the relapsing feter of Panama, there are com- 
paiatnely verj’- few spirochetes seen during the paroAj^sm, one to forty 
01 fift}' fields 01 peihaps onh*^ three or four to a cover-slip In the peiiod 
between paioxjsms it is rarel}' possible to find a spirochete m the 
penpheral blood In none of the cases studied heie has the spiioehete 
been piesent in what might be called considerable numbers This ob- 
servation IS another means of differentiating the fever of Panama fiom 
that of Euiope Blood films taken from cases of the lelapsing fevei of 
Euiope often show considerable numbers of spirochetes Films from a 
case of European lelapsing fever (Fig 2), which I have studied thiouch 
the kindness of Di Samuel J Goldfarb, often show six spirochetes to 
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one oil iniineision field Siicli a picture is nevei seen m blood films fioiii 
cases of tile fevei met with here 

The description of the spiiochetes is ba«ed on obseivations made 
inth iiclilj' infected blood of white mice and white rats 

MORPHOLOGY 

The movements of the spiioehete aie vei^ lapid, except ^nst befoie 
its disappearance from the blood stieam At tins time obseivations of 
the nature and character of the movements may be made, or the motions 
mai be slou ed down by treating a drop of blood with tu o or three drops 
of eitrated saline solution and making a cover-slip piepaiation At fiist 
the motion of the spiiocliete is iiolent, in two oi tliiee horns it can be 
made out with gieat ease Bed blood corpuscles become segregated and 
ill the cleai spaces spirochetes will have gathered and can be seen moving 



Fig 5 — Spirochetes from blood of Eat 31, seen at height of the infection 
shoxMng one noimal double foim A one sti etched out foim B, and one leemied 
foiin C, in one cmei slip piepaiation 

in various diiections Tiequently a spiioehete may be seen to be attached 
to a led blood corpuscle by an invisible flagellum, the maigm of the red 
blood coipiiscle then becomes pulled out and the whole cell distorted 
even diagged away down-stieam vith a spirochete evidenth attached, let 
alwa3s keeping nearly a red cell’s diameter away 'When the red cell is 
fixed, the attached spirochete maj be seen to rotate to the right, appai- 
ently tiling to go forward, then after a pause the rotatoiv moiement is 
apparently reversed, this reversed movement frequentty cariies the spiio- 
chete aiiav fioni the red blood coipuscle a short distance, though it still 
remains attached to it During the pause in the rotation theie is an op- 
pDitiinity to observe its outline and to determine whether the spiioehete 
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IS a spiral eylindei or iibbon This question is difficult to deteiiiiiiic 
when the spirochete is met in eioss-section Duiing the pause ;|ust men- 
tioned some spnoehetes appealed to be spiial iibbons One appealed to 
be curved in one plane only— on the flat In fresh citiated blood piepa- 
lations the obseivations weie made ivith aitificial light, Zeiss 3 and d 
mm objectives and 6 8, 13 and IS oculars Under these conditions, 
while the vaiious motions of the spirochetes weie made out vith ease, 
the impiession received as to the topography of the spiioehete uas piob- 
ably illusoiw Any one ulio has watched the polished balls on the gov- 
ernor of a stationaiy engine, when illuminated by aitificial light, knows 
how by a slight effort of the will the balls may be seen to lotate to the 
light 01 to the left, just so with the spnoehetes One is not absolutely 
suie that it is lotating to the right or to the left, but one feels sine that 
it IS lotatmg Peihaps the phjsicists may throw some light on this mat- 
ter bj’^ telling us vliat the optical effect on the obseivei will be undei, saj", 
tuo hypothetical conditions light from an incandescent lamp leflected 
by a mirroi thiough substage condenser, glass slide, blood serum, thiough 
the transpaient bod} of a spirochete having a lefi active index of 1 ^ 

and a diametei of 0 3 micion under the following conditions (a) tlic 
body of the spiioehete lotating in a plane tiansveise to tlie lays of light, 
the bod'v being a spiral ribbon, ■'(b) the body being a spiral cylindei I 
believe the question involved insoluble b} a meie inspection of fiesh oi 
stained specimens 

At the end of thiee houis in citrated piepaiations the spirochetes 
frequent!} appealed attached to a red blood coipuscle at one end The 
movenients of the attached spiioehete cause the led blood corpuscle to 
change its outline to a ver}' maiked degree, fiequently pulling it out 
into a peai-shaped body The spiials oi cuives of the spiiocliete push 
and pull the led blood coipuscles out of contoui, gmng one the impies 
Sion that the spiioehete is possessed of gieat rigidit} 

Besides the lotaiy movement, there is an undulating moienient oi 
tieiuoi , the spiioehete does not al'Ha}s nioie rajiidl} ava} fioiii the field, 
but latliei rotates and trembles in one spot and then daits off a slioit 
distance vithm the field 

In citrated blood piepaiations, at the lieight of an infection niaii-\ 
spnoehetes nla^ be ''eon in a piefiagmenting stage then motion is slow 
and theie is a tendencA to ^Mcath oi ring foiiiiation, then tvo extiemi- 
ties becoming attached and thei mai be seen to shake and ticnible the 
bodi oi the spirochete appaienth bieaking up, iihile the fiagnienfs are 
appaienth beld m apposition b} a =heatli or ein elope Tlie effect i= len 
niiicli like that of an agitated chain 
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111 citiated blood piepaiatioiis, the spiioelietes, after a slioit time, aje 
commonly found in the cleai spaces formed by the segregation of the red 
blood coipiiscles 

The undiluted fiesh blood piepaiation at loom tempeiatiiie, 76 to 82 
F, presented on one occasion, at the end of sixteen hours, about the same 
picture that the citiated blood did at the end of foui hours 

Aerotactism, such as is obseived in fresh water flagellates, uas neiur 
noticed Aerotactism refers to the air-hungei observed in watei flagel- 
lates fiom surface pellicles when studied in cover-slip films These pro- 
tozoa may be found in large numbers close to the margin of an bubbles 

Agglutination is seen in fresh piepaiations at the height of an infec- 
tion, the paiasites may adhere to one another end to end or side by side, 
the liodies of the spirochetes are probabh fastened by entangled flagella 

When fresh and stained preparations aie made fiom the same drop 
nf blood, tire fresh specimen frequent!} shows all legulai foims, vslnle 



Fig G — ^Blood from Mouse 8 The eleai space m the middle is suggestive of 
tiaiisieise fission and the loop is suggestive of longitudinal fission 


the stained specimen may contain many bodies cuived or straightened 
out Diymg and staining processes, therefore, may alter the legiilaiity 
of contour of the spirochetes 

In stained pieparations, the length, contoui, numbei of spirals, the 
presence of flagella and staining qualities of the spiioclietes weie noted 
Gieat vai ration in the regulaiity and number of curves was noted In 
one film coaisely and finely cinved foims were seen, as well as coarse 
and fine curves in one oigamsm Iiregulai cuivatiiies, straightened ano 
leciiived fomis were frequently encounteied 

Tovaid the end of an infection achromatic spaces m the spiiocliete, 
01 the prefiagmentmg phase, vere frequently seen, sometimes as manv 
as foiii spaces could be counted in one spirochete the length of vhich 
vas 8 01 10 mieions These achiomatic spaces are not to be confounded 
uith the achiomatic space winch is piesent in the double foims, vhich 
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appeals just before transveise fission and is always centiallj located 
and widei than the former 

The act of subdivision nas not obsened The centially located achro- 
matic space in the double foim is stionglj suggestive of tiansveise fis- 
sion, uliile a very few loop forms with an apparent longitudinal split 
veie suggestive of longitudmal fission The achiomatic zones aie well 
demonstiated in films stained with acetone gentian violet In these 
pieparations, cuiiously, theie is nevei the least semblance of a pen- 
plast, while in the films stained wuth some modification of the Eoman- 
owsky stain a faint line, bridging over the achromatic zone, is noted 
Some films which were stained with Muir’s fiagelliim stain shov ed spiro- 
chetes with a single, tenninal, faintly staining flagellum, its diametei 
deci easing ton aid its free extremity Occasionally, in a film stained 
with acetone gentian violet, a iing foim could be seen In these 
instances, in vliieli the free extremity of a flagellum was in relation 
■nitli the opposite end of the spirochete, a little more than one-thud 

Fig 7 — Spiiochete from blood of Eat 6G, sliOAMng large and small cunes in 
one indiMdual 

of the cncumfeience of the img nould be more faintly stained than the 
lest and tapering, coriesponding to a flagellum In several of the ace- 
tone gentian violet preparations the appearance of spiial iibbons seemed 
unmistakable In double infections of spiroclietes and tiypanosomcs 
fi lm s -were stained in various ways, jet, whenever the chiomatin fila- 
ment of tlie tnpanosome vas in evidence, nothing at all like this stiiie- 
tuie could be made out m the spirochetes A pnoii, win should the 
spirochete of i elapsing feier be proiided with a chromatin filament’ 
The spiiochete is a iigid spiral staining homogeneously, in every vay like 
a bacteiium, never like a protozoon Its peculiar motion is probably due 
to rotation caused by a lashing contracting moiement of the flagellum 
inducing a rotation of the bod^ of the cpiiocheto, the lotation being 
faiored bj its flat or ribbon-shaped contour Its bodj is rigid and not 
flcMioiis to the degiee observed in trypanosomes The spirochete stains 
liomogcneou=h except just before its disappearance from the penpheial 
blood, vhcn achromatic spaces or zones appear — the pre=cgmenting 
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phase It IS stained pniple with polychrome bines as bacilli are Bine 
vacuolated cytoplasm with chromatin gianules, such as one sees in pio- 
tozoa, IS never noticed^ and it is decolorized by Gram’s method A veiy 
sti iking characteiistic of spirochetes stained by gentian violet is the de- 
coloiization of the spiiochete, either at once or after a few days, on expo- 
snie to difEnse snnlight Films from Rat 31 colored with acetone gentian 
violet stained intensely and showed the achromatic zones beantifnlly A 
few days later the spirochetes were completely decolorized and conld be 
made out only by their sinnons transparent bodies , the red blood corpus- 
cles and lencocytes, however, retained the gentian violet perfectly A 
similai result was observed whenever a film was stained with Sliiir's too 
old flagellum stain, even when it had been previously stained with a 
polychrome blue stain 

SIZE 

]\Ieasurements of length were made from stained preparations of 
the blood of rats and mice Single spirochetes in which no achiomatic 
zone could be detected measured from 7 2 to 13 2 microns Double 
spirochetes having a central achiomatic zone measured from 13 2 to 17 
micions The number of complete S-forms in single spirochetes having 
no achromatic zone varied considerably in the same film The above 
measuiements were made fiom spirochetes seen m the blood of Mouse 1, 
at the first remove from man 

ANIIMAL REACTIONS 

In man the disease is characterized by recurring paroxysms of fevei 
lasting, usually, from twenty-four to forty-eight hours The tempeia- 
ture rises slowly or rapidly to 103 or 104 F, occasionally to 105 I 
Theie is always a chill and the access can not be distinguished by inspec- 
tion from a malarial paroxysm The duration of the first paroxysm i= 
not definitely known, but is probably three days The temperature faPs 
slowly or suddenly to normal with the subsidence of symptoms, vlien, 
aftei a peiiod of from three to eight days, oftenest five or six days, theie 
IS another parox 3 ^sm resembling the first and lasting about the same 
length of time The usual number of paroxysms is three There mav 
be abortive paroxysms in which the temperature rises a degree or two 
above normal for two or three hours During the febrile paroxysms a 
a few spirochetes appear in the peripheral blood Yery rarely a spiro- 
chete may be detected during the afebrile period The spleen is aluai^ 
enlarged and tender, the tongue, pale and coated Epistaxis occurs occa- 
sionally during febrile paroxysm (during the first relapse in case o 
F S ) The pulse and i aspirations are accelerated during tlie feiri e 
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l^aroxysBi Ten oi twelve hours after the diop iii tempeiatuie theie is 
profuse sii eating Seieial cases neie coniplicated bj diaiihea and colitis 
Mith jnis and blood in the stools There liaie been no deaths in uncom- 
plicated cases 

AiaaiAL REACTIONS WHITE MICE 

Among animals the -nliite mouse is the most susceptible Mouse 3 
uas infected lutli blood containing not iiioie than one oi tuo spiio- 
chetes As it iias found that a diop oi tiio of infected mouse-blood i\as 
sufficient to infect anothei mouse, and as it uas desired to obseiie the 
piogiess of the disease without unnecessai^ saciifice of the limited num- 
ber of animals at my disposal, blood fiom the tail of an infected mouse 
uas e\piessed into a Petii dish containing citiated saline solution to 
pievent clotting, this uas injected into the peiitoneal cavity of the next 
mouse in the senes Fifteen mice ueie infected in this way 

The disease in white mice is vei}’^ much like that in man Theie ueie 
tliiee paiOAysms, dining which spirochetes Jippeaied in the peiipheial 
blood The tempeiatuie of the smaller animals uas not taken on account 
of the uide noimal daily vaiiation and the influence of vaiioiis iindetei- 
niined factors m causing iiregulaiities in the tempeiatuie ciiive and 
making its lecoid ralueless The tempeiatuie of the laigei animals — 
goats, monkeys and dogs — was found to vaiy similaily 

The numbei of paioxvsms, numbei of spiioehetes in the blood and 
the peiiod of incubation depend on a numbei of factois The peiiod of 
incubation bv the method of inoculation used vaiied fioin t\i entA'-foiii 
houis to SIX dais Mouse 3 inoculated fiom Mouse 1 ivith fiie chops of 
tail blood containing one spiiochete to 500 fields, shoived one spiiochete 
111 100 fields aftei a peiiod of twenty-four houis Mouse 13 was inocu- 
lated fiom Mouse 12, wlien the blood from Xo 12 show'ed no spiiochetcs 
in 500 fiehh The peiiod of incubation in Xo 13 was file dais and 
the infection was a h'pical one with thiee paioxisms 

Mouse 1 was inoculated directly from the patient dining Ins second paiowsm 
No sjnioclietos were seen until the third day, when there were two to a field 
Two c c of nncitiated blood were used to infect Mouse 1 The infection was nn 
usual, inasnmch as the peiiod of incubation, in spite of the laige amount of 
blood used was piolonged, aet the spirochetes remained constanth in the am 
inal s blood without intermission, for ten days, when death occurred Continuous 
infections ha\o boon obsened in two animals, a white mouse and a black rat 
The issue was fatal in each case During the course of the infection in r^Iouse 1 
there was a high dcgice of pohchromatophilia, basophilic granular degeneration 
of the led blood cell® leucoia tosis and a marked diminution in the nuniber of 
rod blood cells D\«piica and coniulsions occurred before death At autopsi the 
spleen was greath enlaiged and there were two encisted larial tapewoiins 
(1 clnuot occus vtutinutii) in the Iner The dai befoie death spnodietes wore 
lapidh iiicriasing in the peiiphoral blood theie being 10 per field, with consider 
able aggliitiiintion The mouse therefore, died at the end ol a parovrsin (^ee 
chart of !Mouse 1 Tig S ) 
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Mouse 2, inoculated intiapeiitoneally witli 2 c c uncitiated blood diicctly fiom 
patient, bad five and possibly six paioxysms with lecoveiy Theie uas a maiked 
1 emission dining tlie fiist paroxysm, and as the blood ivas not examined on Oc- 
tobei 15 it is not known wlietliei spiioclietes weie absent on that day oi not 
(See chart of Mouse 2, Fig S ) 

Mouse 3, inoculated from Mouse 1, had a period of incubation of twenty-four 
houis and four paioxysms 

Mouse Jj, inoculated fiom Mouse 2, had a peiiod of incubation of foity eight 
houis, only two paioxysms, and died six days aftei the disappeaiance of spiio- 
chetes fiom the peiipheral blood At autopsy the spleen was not much enlaiged, 
and spirQchetes -were absent fiom the peiipheial blood During the piogiess of 
the infection theie was much polyehroniatophilia and basophilic gianulai degen- 
eiation of the led blood cells This basophilic gianulai degeneiation has piobably 
been mistaken foi the lesting foims of spiiochetes (See ehait of Mouse 4, 
Tig 8 ) 

Mouse 6, inoculated fiom Mouse 1, had three paioxysms and died thiee days 
aftei the disappeaiance of spiioclietes fiom the peripheial blood (See chait of 
Mouse 6, Fig 8 

Mouse 9, inoculated fiom Mouse 3, had a peiiod of incubation of 48 houis, tno 
paiox^'sms, and was accidentally killed thiiteen days aftei second and last 
paiox^’sm, duiing ivhicli peiiod paioxysms weie absent fiom the peiipheial 
blood (See chait of Mouse 9, Fig 8 ) 

Mouse 12, inoculated fiom Mouse 6, had a peiiod of incubation of forty-eight 
hours and tliiee paioxysms, while spirochetes lemained absent thiiteen days after 
the last paioxysm (See chart of Mouse 12, Fig 8 ) 

The amoiiiit of blood used to inoculate these animals was about five 
diops This was caught m a steiile Petii dish containing 5 c c of 
steiile, citiated, noinial saline solution, and injected inimediately intia- 
peiitoneallj^ 

The spirochete counts were made fiom smeais on covei -slips stained 
with Leishnian’s oi Hasting’s stain A field was that ivliich was obtained 
bjf a Zeiss 2 mm objective and Ho 6 ocular "When spiioclietes wem 
spaise at least 300 fields were counted, fiequentlv 500 oi a thousand, 
sometimes, three or foui films 

It will be noted that in the initial paioxysm theie is a gieatei num- 
ber of spiioclietes per field pei day and the duration of the paioxysm 
is somewhat longer than the subsequent ones The first paioxysm lasts 
about three days The period between the fiist and second paioxyuu is 
from foui to five days The second paroxysm lasts fiom tuo to three 
days, this may be followed by an intei mission of foui oi five days, and 
followed by a thud relapse lasting one, two or three dajs 

In seveie infections the peiiod of intermission between relapses inai 
be shortened to one daj’’ During the relapses the mice aie shghtlv indis- 
posed and take little food After taking the blood films oi removing 
blood foi inoculation the tails of some infected mice bled piofusely and 
required an application of collodion 

House 1 lost considerable blood, wdiich probably helped to cause some 
of the blood changes noted above and may have influenced the cliaiaetei 
of the infection and the fatal issue 




1 JIT i , — Chart of "roup paiowsm® in white mice, show in" tlie numbers 
of 'piroclietos in the peripheral hlooil Circle’ ( 0 ) sicnifv no ’jurochctcs in 
too or more field', iiO"0’ (Y) blood not CMinincd on this dn\ 
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Of the deaths in mice all but two occnried seveial days after spiro- 
chetes had disappeared froni the peripheral blood One of these had, in 
addition to the heaviest infection noticed in mice, a profound anemia 
Most of the dead mice had encysted larval tapeworms {Eclnnococcus 
munnum) in the liver 

An attempt was made to ascertain if there was a definite or constant 
periodicity in the relapses which might be correlated with a life cycle of 
the parasite, the period of which might be suggested if the paroxysms 
appeared on similar days in the original animals and in those subinocu- 
lated from them, there was, however, no conformity between such parox- 
ysms (See Fig 8, chart of group paroxysms ) 

ANIMAL REACTIONS, WHITE RATS 

The infection in white rats is characterized by a single paroxysm 
lasting two or three days followed by the rapid disappearance of spiio- 
chetes from the blood stream The disappearance is not complete, as 
will be shown later, but it is rarely possible to demonstrate spirochetes 
in the peripheral blood twenty-four hours after the height of the infec- 
tion 

The period of incubation in white rats depends on the number of 
spirochetes in]ected, among other factors When minimal amounts of 
tail blood are injected the period of incubation is from two to five day^ 
When larger amounts of heart’s blood are used spirochetes may be dem- 
onstrated sixteen to eighteen hours afterward 

Peripheral (tail) blood uniformly requires a longer period than 
heart’s blood to produce an infection, and it may be possible that bodies 
antagonistic to the multiplication of the spirochetes are present in larger 
quantities in peripheral blood than in heart’s blood 

Several rats were examined during periods of 14, 15 and 16 dajs 
after the paroxysm for the presence of spirochetes, but none were eiei 
demonstrated, save in one case — ^Eat 37 — when one atypical, straight- 
ened-out, swollen form was seen on the third daj’^ after the height of the 
infection 

When minmial amounts of infected peripheral blood were mjected 
spiiochetes would appear, usually after two or three days, in small num- 
beis — ^viz one spirochete to from 13 to 500 fields On the follou mg 
day one spirochete to two fields might be counted, after vhieh tljcj 
would immediately disappear 
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Table 3 — Course or IsrECTiON ix Eat 22 


Inocul-ited Dec 4, 1907, a m from the tail 
contained one spirochete to 100 fields about 15 
12/ 5 — 0 spirochetes In 300 fields 
12/ 6 — 0 spirochetes in 300 fields 
12/ 7 — 1 spirochete in 300 fields 
12/ S — 1 spirochete in 2 fields 
12/ 9 — 0 spirochetes in 300 fields 
12/10 — 0 spirochetes in 300 fields 


blood of Mouse No 17, when this blood 
drops of blood being used 
1-/11 — 0 spirochetes In 300 fields 
12/12 — 0 spirochetes in 300 fields 
12/13 — 0 spirochetes In 300 fields 
12/14 — 0 spirochetes In 300 fields 
12/15 — 0 spirochetes in 300 fields 


The infection of laigei quantities of lieaits blood, oi moie seveiely 
infected blood fiom lats, was followed by the appeaiance of one spiio 
cbete to 25 oi 100 fields uitliin tuentj^-four boms, and after foit} -eight 
boms fioin 25 to 100 spiioebetes in 100 fields At the end of seventy - 
tuo boms tbeie uas eitbei complete disappeaiance oi the piesence of 
spiioebetes in numbeis of fioin 1 to 7 oi inoie pei field On the fourth 
day, or at the end of ninet 3 -si\ boms, it was extiemel} lare to find spiro- 
chetes in the peiipbeial blood Eat 20 bad one spiioebete pei 100 fields 
on the fomth day of the infection Oidinanly the paiox^sin lasted 
tbiee da 3 s (See Table 4, showing comse of infection in Eat 20 ) 

The dmation of the paiox 3 Sm and the nuinbci of spirochetes appear- 
ing in the peiipbeial blood of the inoculated lat do not depend entiich 
on the nuinbei of spirochetes injected, as the following expeinneut 
«bou s 

Table 4 — Course or Inuectiox in Eats 19 and 20 


Inoculated 11/20/07 ftom henits blood of Rat 18 Rat 18 had one spirochete 
to "00 fields when o\amined In the a m Mhen examined six hours later at time 
of death and subinoculation of Rats 19 and 20, theie weie two spirochetes to 100 fields 
In heait’s blood 


Amount inoculated 0 3 c c 

11/27 — 1 spirochete to "0 fields 
11/28 — 1 spliochete to 25 fields 
11/29 — 2 spirochetes to 1 field 
11/30 — 0 spirochetes to 300 fields 
12/ 1 — 0 spirochetes to 300 fields 
Fourteen dallj successive examinations 
were made without finding spiioebetes 


Amount inocnlated, one third ns much 
as Rat No 19, /or 0 1 c c 

11/27 — 1 spirochete to 33 fields 
11/28 — 1 spirochete to G fields 

11/29 — 1 spirochete to 1 field 

11/30 — 1 spliochete to 100 fields 
12/ 1 — 0 spiioebetes to 300 fields 
Fourteen dnilv successUe examinations 
were made without finding spirochetes 


In this expel iment Eat 20 lecening at time of inoculation one- 
tbiid as much infected blood as Eat 19, bad a slightly seteiei infection 
and a longei paioxtsm 

IVbitc lats ma 3 appeal tery slightl 3 indisposed foi half a day dining 
the paioxtsm Onh one death occmied this was aftei the di«appeai- 
ance of spiioebetes fiom the peiipbeial blood and was due to pneumonia 

White lats wore infected diiecth fiom two different human somce= 
and 111 both instances the peiiod of incubation was foit 3 -eight hours 
although large amounts of blood weie used — 2 cc and j t c of undi- 
luted blood 

It 1 = to be noted that dining the comse of the infection there aif' 
from tliiiti to fifti time= a= mam spiiochetc= in iat<= blood as in man « 
blood 
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anijmal reactions wild eats 

The giay lat {Mus decumamis), when kept in small cages for con- 
venience in handling, does not survive captivit}^ and the latlier lough 
handling necessary in making inoculations Most of the rats of this 
vaiiety bi ought to the laboiatory and confined in small cages died 
within a few days, consequently they Aveie not suited for a study of tlii^ 
infection 

The black rat [Mus mttus) may be kept foi iveeks and months in 
small cages Seveial black rats haA^e been inoculated, and, as these lat^ 
Aveie haiboring Tiypanosoma lewisi, an oppoitunity Avas offeied foi 
studying the paiallel infection of trypanosomes and spiiochetes 

Wild Rat 5 Avas inoculated intrapentoneally AVitli one drop of blood fiom 
Mouse 0 and died on the thud daA' Spirochetes AAeie not found at any tune din- 
ing the three days 

Wild Rat 25 yvas inoculated fiom Rat 24 iihen the latter had 8 spiiochetes 
pel 100 fields using citiated heaits blood This rat had a mild continuous in 




r 


V/ILD 

RAT NO 

56 

MUS RATTUS 



WILD RAT NO 2S - 

MUS RATTUS 



B 

B 

B 

g 

IB 

B 

B 

B 

B 

1 

m 

B 

B 

KQ 

B 

fl 

B 

B 

B 

B 

B 

fl 

IB 

B 

B 

10 TO 

1 FIELD 

■ 

B 

B 

B 

■ 


B 

B 


B 

■ 


B 


B 

B 


B 

B 

fl 

B 

B 

II 

B 

B 

1 TO 

1 FIELD 


i 

s 

B 



B 

B 


B 

■ 


B 


B 

1 


i 

m 

1 

B 

B 

1 

B 

1 

1 TO 10 

fields 



» 

B 

i 


H 

II 


a 

■ 


■ 


B 

■ 


1 


B 

H 

B 


B 

fl 

1 TO 100 

FIELDS 


y 

B 

B 

B 


B 

B 


B 

B 


B 


B 

B 


1 

■ 

B 

■ 

B 

1 



1 TO 300 

fields 

! 

B 

B 

B 

B 


B 

B 


B 

1 


B 


B 

B 


■ 

B 

B 

B 

B 

■ 

Si 


0 TO 300 

FIELDS 

H 

B 

B 

B 

m 

■ 

■ 

■ 

1 

J 

i 

B 

■ 


■i 

■ 

1 

II 

■ 

B 

B 

B 

■ 

ll 

ed 


TRYPANOSOMES SPIROCHETES. 


Rig 9 — Paiallel infection of spirochete and trypanosomes 

fection lasting six days, after an incubation period of seventy -tivo houis Death 
oceuned at the end of the sixth day This observation may have some importance 
on account of the possibility of a suctorial inteimediary host conveying the spiro 
chete fiom a rodent having a slight continuous infection to man 

Wild Rat 5G was inoculated from Rat 51 ivhen the latter had 250 spirochetes 
to 100 fields, using citrated heait’s blood injected subcutaneously at the base of 
the tail This rat had an infection lasting three days after an incubation peiiod 
of twenty-four hours 


ANIMAL EBACTIOXS MONKEYS 

The infection in monkeys of the old Avoild, genus Macacu^, is ‘=mi- 
ilar to that in man and white mice^ inasmuch as there is moie than one 
paiox} sin 

Macaciis 65 vas inoculated on Pebmaiv 4 from Eat G3 vhen No 0i had -10 
spiiochetes to 100 fields using citrated hearts blood One cc of bloot was in 
oculated intraperitonealh Spirochetes appeared after tventv-four hours and re 
mained in the peripheral blood three days, disappearing for fiie da vs an t icn 
reappearing for three days in about the same numbers as in the fir^ paroxi m 
Theie was a slight diairhea noticed aftei the second paro\v=m iniiv cac i 
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paioxysm there was some bleeding fiom the gums near t^o carious, upper, mid- 
dle incisors This blood from the gums contained spirochetes The animal did 
not appear sick at anj'^ time during the course of the disease 

The blood changes were slight polychromatophilia of red blood cells ivith some 
fine and coarse basophilic granular degeneration These were noticed aftei the 
first paroxysm 

At the beginning of the second paroxysm there was a slight drop in the tem- 
perature followed by a rise of 4 degrees above normal or to IOC 4 F The tem- 
perature was only slightly altered during the first paroxysm and was not gi eater 
than the variations noted during health (See Fig 10 ) 

ANIJIAL REACTIOlSrS VARIOUS 

A turtle, pigeon, frog and guinea-pig resisted an infection by infected 
rat’s blood, which would have been sufficient to pioduce the disease in 
white lats Two dogs and a goat were inoculated from human souiees 
with blood obtained during paroxysms, but no infection resulted It 
might have been possible to infect these animals if larger amounts of 



Fig 10 — The spirochetal and temperature cur^e in Macacus 65 Note that 
tlieie vere onl\ tuo paroxjsms and that the temperature was not disturbed dur- 
ing the first one 

seieiely infected lat’s blood could haie been used, but the numbei of 
uhite rats at my disposal uas so small that the greatest economy bad 
to be exercised in subinoeulations 

A raccoon has also resisted infection 

Xovv and Knapp have shoun that m the reactions of spiiocheles and 
their hosts certain substances aie produced which help to cause the die- 
appearance of the spirochete from the blood and establisli a qualified 
immunit} against subsequent infections 

At the height of an infection it is eiident that some change is taking 
ulace in the spirocliete Stretched out and iiiegularl} ciincd foim= 
aic seen, manv of these ha^c achromatic 7oncs The moiemcnt of the 
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spiiocliete IS less lapid, prefragmentation and chain fonnation aie no- 
ticed and agglutination always occuis Agglutinins and lysins aie un- 
doubtedly formed, but there is not a complete dissolution of the spiro- 
chete at this time The sheatli or peiiplast always appeals to be intact 
in organisms seen in the blood stream It is the internal substance oi 
the spirochete that become fragmented (Fig 11) Besides this, the 
spirochete apparently is not completely broken up in the peiipheial 
blood stream, for fragments are nevei seen there, eithei free oi in any 
t 3 pe of leucoc 3 'te If, however, as was observed by Levaditi and Manouc- 
lian,-® uith the spirochete of tiek-fevei, ue sacrifice an animal at the 
height of an infection or a day oi two later, it is possible, by Levaditi’s 
silvei impiegnation methods, to demonstiate that the disappeaiance of 
the spirochetes fioni the blood stieani has been due to the fact tbnt 





Fig 11 —Spirochetes fiom blood of Eat 31 seen at height of infection, shoii 
ing fi agnientation of the protoplasmic substance, and an intact shea i on pe 
plast 


they have been engulfed by endothelial cells lining the Inei capillaue 
Thioughout the liver large, swollen endothelial cells may be seen, then 
citoplasm dotted vitli spirochetes in all stages of fragmentation ion 
the appearance of the spirochetes uitlim the endothelial cells it is pio 
able that they are engulfed whole and that separation of the fia_men 
occuis m the phagocytic cells bj a solution of the periplasts 
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The spirochetes clisappeai ^er^ lapiclh fiom the peiipheial blooa 
aftei the height of the infection, but the clisappeai ance is not complete 
foi on three occasions it has been possible to intect rats wlien no spiio- 
chetes could be clemonstiatecl in films of the mfeetne blood In these 
instances the blood used ivas taken about twenty-foui horns aftei the 
apparent disappeaiance of parasites fi om the penpheial ciiciilatioii 



Fig 12 — Endothelial cells fiom capillaiies of the Inei showing phagoccted 
spnoelietes horn Eat 26 killed at height of infection which had lasted thiee dais 
Lciaditi pjiidin preparation 



] 1 * 5 — Section of Inei of Kit 2(» showing two endothelial celK of i capil 

larc, containing ph.igoccted spiiochetes Lenditi pcridin prcpaiation 

The following e\penments illustrate this point 

Rai 57 was inoculated fioni Rat 55 when the latter hul no spirorliclcs in 100 
fields Spirochetes nppenrecl in the blood of No 17 four dais after inoculation 

Rai 'f7 was sioiificod wlieii spirochetes had disappeaied fioin the penpheial 
blood which was injected into Eat 48 spnoelietes appeiriiig in the blood of Eat 
48 on the sivth da\, at the same tune another lat 40 w is inoculated with an 
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emulsion of a poition of No 47’s hvei in eitrated saline solution, spiioclietes ap- 
pealed in No 49 s blood aftei an ineubatue peiiod of fom dajs, oi two days less 
than in No 48 

111 tills last expeiiiiient it is to be noted that the Uvei emulsion, al- 
though containing but tiaces of blood, the animal having been pieviousl^v 
bled to furnish heait’s blood foi the inoculation of Rat 48 , was moic 
infectious than heait’s blood fiom the same animal 

This experiment is inteiestmg in view of the phagocytosis of spiro- 
chetes by livei endothelial cells These experiments, besides showing 
the infectiousness of decline blood or of postdecline blood, show that 
phagocytosis plajs an important part in the bodil} defence 

If suitable emulsions containing livei endothelial cells can be pre- 
pared it might be possible to demonstiate the production of specific 
opsonins duiing the infection 


IMMUNITY 

Dining the coiiise of the infection in white mice, white lats and 
wild lats a protective mechanism is developed uhicli bungs the infection 
to a close and confeis a qualified immunit} against a subsequent attack 
The piotective mechanism is one laigely of phagocytosis, aided, as 
shown by ]!:Ioi7 and Knapp, by specific agglutinins and lysins The 
actnely acquiied immunity in -white rats has lasted as long as foity-one 
da3« in individuals of the same stiam White mice ha\e lemamed im- 
mune to the same strain sixty days, in fact, all attempts to leinfeet 
animals -with the same stiain as that fiom which they iveie infected baie 
failed, as the folloivmg expeiiments illustrate 

Active Immunity Mice 

Mouse JG (inoculated Decembei 20 fiom Mouse 14 with blood containing 1 
spiiocliete to 38 fields) uas formeily Mouse 3, spirochetes had been last seen in 
the blood No-\emhei 7 oi thirteen days pieruously The immunity -was suffieient 
to piotect, spiioehetes not being found m the blood duiing thiiteen daily ex- 
aminations 

il/ousc 61 (inoculated Januaiy 28 fiom Rat 59 uhen No 59 had IS spiioehete- 
to 10 fields, using eitrated saline heait’s blood iiiti apei itoneallj ) uas foinierir 
Mouse 13 haling had spirochetes in its blood foi the last time on No\eniber 30 
The immunity uas complete as No 61’s blood failed to shou any spiioehetes dm 
lug subsequent daily examinations continued foi nine dajs 

Active Immunity Rais 

Rat 1/3 (inoculated December 24 from Eat 38, i\hen No 38 had 420 “’P”® 
chetes to 100 fields, using eitrated heart’s blood intrapentonealR folloiie ii 
diops saline solution of oicein) xvas foimeily Rat 27, baling had spirocie 
his blood foi the last time December 16 The imniumtv nas complete «piroc lo c„ 
failing to aiipear in No 43 s blood dining the nine dajs subsequent o le a 

inoculation , , , 

Rat jS (inoculated Jaiiuaiv 25 fiom Eat 57 iihich had 3 spiroc ic es o 
fields using citnted saline heait’s blood iiitraperitonoani ) uas former i a 
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ha-iing had spiioclietes in liis blood fiom December 29 to 31 inclusne The im- 
munity 1738 complete, spirochetes failing to appear during thirteen days 

Rat 60 (inoculated January 28 from Eat 59 ivhen No 59 had 18 spirochetes 
to 10 fields, using citrated heart’s blood intiaperitoneally) was formerly Eat 33, 
baling had spirochetes in his blood from December 16 to 18 inclusive The im- 
mumty iias complete, spirochetes failing to appear during ten days 

SPECITIO CHARACTER OE STRAINS 

The imnmnity conferred bj’ one strain of spiioclietes is not siifBcient 
‘to protect against a second strain of the same species having a difEeient 
origin Por example, I found that, while it vas impossible to reinfect 
white mice or white rats with strain A, the one used to infect them 
oiiginally, it uas possible to infect them by using strain B The his- 
tory of these two strains has been given above Strain A vas obtamed 
from Case 3 Oct 11, 1907, during the antepenultimate paroxysm, passed 
thiough 16 white mice and about 50 white rats Strain B was obtained 
moie leeently from a case occurring in Colon Hospital Blood was 
drawm during the penultimate paroxysm and has been passed tliiougli 
S rats and one mouse The chief differences betw'een the stiains consist 
in the fact that B was more recently obtained from its human host 
and that it has had a shorter residence in animals Clinically the 
patients supplying these twm stiains had the isthmian type of fevei 
Morphologieallv there are no differences betw^een the two strains of 
spiioclietes Parallel inoculations of strains A and B into animals 
immunized to A have been made, with the result that animals which had 
reeoveied from an infection by A could be infected by B, }et would be 
immune to A The period of incubation was sometimes piolonged and 
the number of spirochetes few^, yet, on the other hand, the infection by 
B in two animals immunized to A was prompt and seveie, and in one — 
Pat 67 — tlie infection by A in an animal immunized to B was also 
prompt and seveie 

In this experiment a lat infected b} and piesumably immune to 
stiain B was piomptly infected b} stiain A nine days aftei the disaji- 
pearance of strain B This proies that the diffeience in the activit} of 
the strains is not one of relatne viiulence, but is due to there being 
specific strains with specific immunizing powers This is the most 
impoitant fact developed in the course of the investigation and is of 
the greatest value in connection with anj attempts to derive a curatne 
01 pieventne serum, it is suggestive m explanation of the fact men- 
tioned b} Vandjke Carter and othei= that one attack of relapsing feici 
docs not confei a high degree of immuniti for on indnidual becoming 
infected b} one strain in a gnen localih might well be non-immune 
with regaid to other strains in that localiti 
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Table 5 — Immunitt akd iKFECTioisr in Mice 17 and 13 

Mouse 17, inoculated Nov 23, ’07 fiom Mouse 13, inoculated Nov 12 liom 
Mouse 13, wlien No 13 liad 1 spuocliete Mouse No 12 when No 12 had fewer spi- 
to 10 fields Immediately aftei the inocu- lochetes than 1 to 500 fields 
lation 5 c c blood was drawn from Rats 
1 and 7, which had an infection, and in- 
jected subcutaneously into Mouse 17 (Pas- 
sive Immunity Experiment ) 


11/24— No 

spirochetes 

in 

300 

fields 

11/13— No 

spiiochetes 

in 

300 

fields 

11/25— No 

spiiochetes 

in 

300 

fields 

11/14— No 

spiiochetes 

in 

300 

fields 

11/26— No 

spirochetes 

in 

300 

fields 

11/15— No 

spirochetes 

in 

300 

fields 

11/27— 1 

spuochete 

in 

5 

fields 

11/16— No 

spirochetes 

m 

300 

fields 

11/28— 1 

spirochete 

in 

1 

field 

11/17— 1 

spirochete 

in 

14 

fields 

11/29— No 

spirochetes 

in 

300 

fields 

11/18— 1 

spirochete 

in 

75 

fields 

11/30— No 

spirochetes 

in 

300 

fields 

ll/19_No 

spirochetes 

in 

300 

fields 

12/ 1— No 

spirochetes 

in 

300 

fields 

11/20— No 

spirochetes 

in 

300 

fields 

12/ 2— No 

spirochetes 

in 

300 

fields 

11/21— Not 

examined 




12/ 3— No 

spirochetes 

in 

300 

fields 

11/22— No 

spirochetes 

in 

300 

fields 

12/ 4— > 1 

spirochete 

in 

100 

fields 

11/23— i 1 

spirochete 

in 

10 

fields 

12/ 5-^ 1 

spirochete 

in 

300 

fields 

11/24— No 

spirochetes 

in 

300 

fields 

12/ 6— 1 

spirochete 

in 

100 

fields 

11/26— No 

spiiochetes 

in 

300 

fields 

12/ 7— No 

spirochetes 

in 

300 

fields 

11/26— No 

spirochetes 

in 

300 

fields 

12/ 8— No 

spirochetes 

in 

300 

fields 

11/27— No 

spirochetes 

in 

300 

fields 

12/ 9— No 

spirochetes 

in 

300 

fields 

11/28— No 

spirochetes 

m 

300 

fields 

12/10— No 

spirochetes 

in 

300 

fields 

11/29— No 

spirochetes 

In 

300 

fields 

12/11— 1 

spiiochete 

in 

69 

fields 

11/30— 1 

spirochete 

in 

300 

fields 

12/12— 1 

spirochete 

in 

20 

fields 

12/ 1— No 

spirochetes 

in 

300 

fields 

12/13 — 8 

spirochetes 

in 

100 

fields 

12/ 2— No 

spirochetes 

in 

300 

fields 

12/14— No 

spirochetes 

in 

300 

fields 

12/ 3— No 

spiiochetes 

in 

300 

fields 

12/15— No 

spirochetes 

in 

300 

fields 

12/ 4— No 

spirochetes 

in 

300 

fields 

12/16— No 

spiiochetes 

in 

300 

fields 

12/ 5— No 

spirochetes 

in 

300 

fields 

12/17— No 

spirochetes 

in 

300 

fields 






12/18— No 

spirochetes 

in 

300 

fields 






12/19— No 

spirochetes 

in 

300 

fields 






12/20— No 

spirochetes 

in 

300 

fields 






12/21— No 

spiiochetes 

in 

300 

fields 







Table 6 — Infection and Immunity in Mice B 8 (17) and 61 (13) 


January 28, Mouse 17 (which became 
Mouse B-8) inoculated from B 5 when B 5 
had 14 spirochetes to 100 fields using 
citrated heart’s blood intrapentoneally 
1/29 — No spirochetes in 300 fields 
1/30 — No spirochetes in 300 fields 
1/31 — No spirochetes in 300 fields 
2/ 1 — 4 spirochetes in 100 fields 
2/ 2 — • 7 spirochetes in 100 fields 
2/ 3 — 2 spirochetes in 100 fields 
2/ 4 — No spirochetes in 300 fields 
2/ 5 — No spirochetes in 300 fields 
2/ 6 — No spirochetes in 300 fields 
2/ 7 — 1 spirochete in 200 fields 
Sacrificed 

In this expel iment the mouse, while hav- 
ing an actively acquired immunity to 
Strain A, was infected by Stiain B Con- 
trolled by Mouse 61 (13) 


January 28, Mouse 13 (which became 
Mouse 61) inoculated with citiated blood 
from the heart of No 69 when 59 had 18 
spirochetes to 10 fields 

1/29 — No spirochetes in 200 fields 
1/30 — No spiiochetes in 200 fields 
1/31 — No spirochetes in 200 fields 
2/ 1 — No spirochetes in 200 fields 
2/ 2 — No spiiochetes in 400 fields 
2/ 3 — No spirochetes in 200 fields 
2/ 4 — No spirochetes in 200 fields 
2/ 5 — Not examined 
2/ 6 — No spirochetes in 200 fields 


In this experiment the mouse having an 
actively acquired immunity to Stiain A 
was still immune after 59 days to Strain 
A Conti oi to Mouse B S (17) 


Rats 36 and 37, immunized to strain A, having had spirochetes in their blood 
on December 21 for the last time, were inoculated on January 24 by strain B 
The animals inoculated by strain B showed a prompt and severe infection 


Table 7 — Course or Infection in Rats 36 and 37 


Rat 36, inoculated December 18, p m 
fiom Rat 30 when No 30 had 148 spiio 
chetes to 100 fields, using citrated heart’s 
blood intrapentoneally 

12/19— 13 spirochetes to 100 fields 
12/20 — 220 spiiochetes to 100 fields 
12/21 — 300 spirochetes to lOO fields 
12/22 — ^No spirochetes to 300 fields 
12/23 — No spiiochetes to 300 fields 
12/24 — ^No spirochetes to 300 fields 
12/25 — No spirochetes to 300 fields 
12/20 — No spirochetes to 300 fields 
12/27 — No spirochetes to 300 fields 


!at 37, Inoculated December IS P m 

am Rat 30 vhen No 80 

etes to 100 fields, using citrated hearts 

ood Intrapeiitoncallv 

12/19 — 8 spirochetes to 100 fields 

12/20 — 140 spirochetes to 100 

± 0 / 01 — 120 spirochetes to 100 

10^22 — No spirochetes in 300 fields 

12/23 — No spirochetes 

12/24 — 1 atvpical spirochete in 300 fields 

10/01 No spirochetes in jOO field 

io^fii-No sp’irochetes in 3O0 fieh N 
12/27 — No spirochetes in >00 fie d 
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Table 8 — Couuse or I:\rECTioif 

Tamiaij 24, Rat 30 (wbicli became Rat 
B3), inoculated Strain B fiom Rat 
B-1 when B-1 had 8 spuochetes to 1 field, 
using citrated heait’s blood intrapeilto 
neally 

1/23 — 18 spuochetes to 10 fields 


IN Eats B 3 (3G) a?>d B i (37) 

Januaii 24, Rat 37 (i\hlch became Rat 
B 4) Inoculated fiom Rat B1 when 
h 1 had 8 spliochetes to 1 field, using 
cltiated heait’s blood intiapetitoneally 

1/25 — 43 spliochetes to 10 fields 
1/-6 — 10 spliochetes to 1 field 
1/.27 — No spirochetes to 300 fields 
1/28 — No spirochetes to 300 fields , 
died 


I'mtheimoie a lat (B 2) immunized to stnin B Mas inoculated eight dn 3 S 
aftei the disappeaiance of spuochetes fiom his peiipheial blood, ivith spuochetes 
fiom Eat 53, stiain A Tlie lat became infected within tvronty fom houis and 
evpeiienced a model atelj’ seiere infection 


Table 9 — Course of Ikiection in Eat B 2 


Rat B 2, inoculated Jan 24 fiom No B-1 when the latter had 8 spuochetes to 1 
field, using citrated saline heait’s blood intiapeiitoneally 


1/25 — 2 spirochetes to 1 field 
1/20 — 20 spirochetes to 1 field 
1/27 — No spirochetes to 300 fields 
1/28 — No spirochetes to 300 fields 
1/29 — No spirochetes to 300 fields 
1/30 — No spliochetes to 300 fields 


1/31 — ^No spirochetes to 300 fields 
2/ 1 — No spuochetes to 300 fields 
2/ 2 — No spirochetes to 300 fields 
2/ 3 — 'No spuochetes to 300 fields 
2/ 4 — No spliochetes to 300 fields 


Table 10 — Course or iNrECTiox in Eat G7 (B 2) 

2/4 — Inoculated Rat B2 (which became 2/5 — 25 spuochetes to 100 fields 

Rat 07) fiom Rat 03, Strain A, 2/0 — 340 spirochetes to 100 fields 

when the latter had 210 spiio 2/7 — 32 spliochetes to 100 fields 

chetes per 100 fields using cltiated 
neck blood Intiapeiitoneallj 


PASSIVE IJIltlUNITY 

Two attempts have been made to pioduce passne immunity by the 
subcutaneous injection of blood fiom a convalescent animal a moment 
aftei infected blood had been injected intiapeiitoneally 

Mouse 17, inoculated Dccembei 23 from Mouse 13, when the latter had one 
spirochete in 10 fields Iinmedntelj’ aftei A^ard blood was drawn from the tail 
of Eat 7, foiineilj Xo 1, 05 cc of blood being used and injected subcutaneoush’ 
Eat 7, foiiiieilj Xo 1, had been infected with human blood stiain A Octobci 11, 
and was subsequently inoculated with blood from infected Mouse 2 Tins quail 
tity of blood from an aiiiunl which had lecoveied was not sufilcient to preient 
a seaeie infection in Mouse 17 with three paioxjsms after an incubation poiiod 
of foil! dais 

Rai 'll, inoculated Deceiiibei 27, fiom Eat 41, when the latter had 450 spiio 
chetes to 100 fields inoculation intrapeiitoneal followed bv a subcutaneous in 
jection of 5 diops of heart’s blood from Eat 31, whose blood had been fiec from 
spuochetes for nine dais Tins quantitj of blood from a comalescent was not 
siiflieieiit to picient Eat 43 becoming infected aftei a period of fortj eight hoiiis 

Blood fiom conialeseents, therefore, in tlie quantities used is of 
no lalue in pieientnig an infection The period of incubation howeici. 
as 111 Bat 4 j and iloiise IT, mav be piolonged 

In these expenments ven laigc amounts of infected blood weie not 
u=ed 111 the attempts to infect oi leinfect anniial= Onlj that quantifv 
was used winch was ampli sufficient to cau=e the disease in a snsceptible 
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non-imimme animal Tinien veij^ laige quantities of blood aie used the 
contained spiiochetes become disseminated tliioiigli the blood stieani of 
the inoculated animal they aie meiely diluted and then piesence does 
not positively mean that the}” have multiplied ivithm the blood stieam 


HTPEEIMMUXITY PREVEXTJOX 

xA. goat has been giadiially hyperimmunized, in addition to its natuial 
immunity, by successive infections of infected vliite lat’s blood, contain- 
ing strains A and B, and one infection of blood from human source 
(Case 1) In all, 11 subcutaneous infections of infected blood have been 
gnen fiom tliiee human soiiiees 


IaBLE 11 — IXOCULATIOXS EECEHED BY GOAT 


Inoculation Blood From — 
7/31, 1907— Lindoff, Case 1 
12/ 6, 1907— Rat 21, Stiam A 
12/12, 1907 — Eat 24, Stiain A 
12/15, 1907 — ^Rat 26, Strain A 
12/24, 1907— Rat 3S, Strain A 
12/27, 1907— Eat 41, Strain A 


Inoculation Blood Fiom — 

1/ 2, 1908— Rat 46, Stiain A 
1/11, 1908 — Rat 49, Strain A 
1/16, 1908— Eat 51, Strain A 
1/24, 1908— Rat B-1, Strain B 
1/28, 1908— Rat 59, Strain A 


Seium vas collected from this goat Febiuaiy 6, 5 p m, placed m a 
lefiigeiatoi at 51 degiees F until the following afternoon, when it uas 
used in the tv o f ollov mg experiments 

Mouse GS, inoculated Febiuaiy 7, 3 p in , from Eat 66, which had 90 spno 
chetes to 100 fields, using citiated peiipheral tail-blood, 2 drops intiapeiitoneally, 
follow'ed iminediately by an intiapeiitoneal injection of a c c of hyperimmune 
goat seiuin Spiiochetes appealed in Mouse 68 on Febiuaiy 13, 2 spirochetes to 
100 fields, 01 after the piolonged incubation peiiod of siv days Most of the 
nioiise s led blood corpuscles uere diminished in size, stiongly resembling goats 
led blood coipiiscles, the laigei led blood coipuscles slioned consideiable poly 
chioniatophilia and fine gianulations, but no basophilic gianulation was noticed 


Date of 
Inoculation 
1908 
February 
Februais 
February 


Table 12 — Course or Iseectiox ix Mouse No 68 

Notes 

3 p m 


February 10— No spirochetes m 400 fields most of the red blood corpuscles are small-- 
goat size and the laigei ones show polychiomatophilia and granu 
degeneration — no basophilia , -x,, 

Febiuarv 11— No spirochetes in 300 fields Red blood corpuscles same as on tue luui 
February 12— No spirochetes m 300 fields Polychromatophilla increased , w per cen 

of the r b c are polrchromatophilic R b c increasing in si 
spirochetes to 100 fields 


Februarv 13 _ .. 

Febiuaij 14 — 24 spirochetes to 100 fields 
Febiuaiv 15 — No spirochetes to 300 fields 
Februaiv 16 — ^No spirochetes to 300 fields 
normal size 

Februarj 17 — 2 spirochetes to 100 fields 
Februarv IS — 16 spirochetes to 100 fields 
Februari 19 — 12 spirochetes to 100 fields 


Polvchromatophilia still marled 


R b c 


spirochetes to 100 fields Polvchromatophilia J’ 

normal size Died Spleen enlarged Autopsy otberwi eng 
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Table 13 — Course of Ixfectioa' iif Mouse G9 


Date of 

Inoculation Notes 

1908 

Februaiv 7 (3 p m ) — From Hat No 60, when the latter had 90 spiiochetes to 100 
fields using 2 drops of cltrated tail blood, followed by a subcutaneous 
injection 0 i c c hypeilmmune goat serum 

Pebiuaiy 8 

Febiuary 9 — No spirochetes in 300 fields 

Febiuaiy 10 — No spirochetes In 300 fields Blood shows many small goat size r b c 
The larger normal size coipuseles are poljchromatophilic and finely 
granulai 

Febiuary 11 — No spirochetes in 300 fields 
February 12 — No spirochetes in 300 fields 
February 13 — ^20 spirochetes in 100 fields 
Feoruarj 14 — ^No spiiochetes in 400 fields 
Febiuary 15 — No spiiochetes In 300 fields 

Febiuai-y 16 — No spirochetes In 300 fields Polychromatophiha still maiked R b c 
noimal size 

Febiuan 17 — 3 spirochetes to 100 fields 
Februaiv IS — 12 spiiochetes to 100 fields 
February 19 — 1 spirochete to 300 fields 

February 20 — No spirochetes to 300 fields Polychromatophilia much diminished R b c 
normal size 

Februaiv 21 — 1 spirochete to 300 fields 

Febiuaiy 22 — No spirochetes to 300 fields — and none in 5 successive dally examinations 

In tins experiment the period of incubation was greatly and equally 
piolonged in both mice, although Mouse 68 received about seven times 
as much serum as Mouse 69, and this intraperitoneally Mouse 68 died 
during the second paroxysm, while Mouse 69 had a light piimary 
paioxj'sm and a very mild secondaiy parox 5 ^sm There was considei- 
able blood destruction in each mouse The supply of rats became 
exhausted at this time, so that it was not possible to ineiease the immu- 
nizing substances in the goat serum A serum of this stiength and char- 
actei, in the quantity used, appaiently merely prolongs the peiiod of 
incubation, foi, after the injection of the hyperimmune serum, the 
immunizing substances are very possibly slowly eliminated or rendered 
ineit, the spirochetes then multiply as in an animal receiving a min- 
imum amount of infected blood iMthout the addition of immune serum 
It was necessary to use vliite mice in this expeiiment so as to 
avoid excessive hemolysis, the goat having been immunized v ith infected 
vliite rafs blood, which had rendered the goat senim hemolytic for the 
red blood corpuscles of the white rat 


HEREDITARY IMMUNITY 

ISTo opportunity arose for makmg observations on the immunitx 
resulting fiom infection through the placenta 


PREVENTION BY TACCINATION 

The lesiilts of expeiiments on the immunization of lats and mice 
Mith strains A and B show conclusive!} that cuiatne or preientne 
serums, if derived at all, must be obtained b}' the inoculation of =eicial 
strains Pohialent «erums must be used and the que=tion aii=cs a= to 
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■ulietliei it Will be necessaiy to hypeimimimize an animal to each of the 
stiains or whether, perhaps, single inoculations of a large niiinhei ot 
strains may be sufficient to h^^pei immunize 

A method of treatment not yet investigated is that of vaccination 
This IS suggested on account of the fact that phagocytosis pla-^s an 
important part in the pioteetive mechanism against the infection In 
the investigation of this question it will be necessaiy to devise a piacti- 
cable method for the cultivation of the spirochetes 

INFLUENCE ON THE INFECTION OF DRUGS ADMINISTERED HYPODER- 
MICALLY 

A few experiments were earned out to determine the influence, if 
any, of certain aniline d3^es and other substances on the course of the 
disease in lats The following substances were used 
JSTeutral red 
Congo red 
Orcein 
Saflranm 
Bordeaux red 
Sulphanilic acid 
Quinin and urea hjffiiochioiate 
Methylene blue 

Saturated solutions of these substances in normal saline solution veie 
injected subcutaneously immediately after a peritoneal injection of 
infected blood had been given A control rat was always inoculated 
at the same time The result of such injection in almost every instance 
vas an earlier and more severe infection than in the contiol rat which 
had not been treated with the dyes 

Methylene blue, when given m very large doses, prevented an infec- 
tion, but the animals were piofoundly poisoned b} the ding and died on 
the second and thud da}”- Dilute solutions of methylene blue veie of 
no value in preventing an infection The minjiiial pioteetive dose ol 
methjdene blue could not be worked out at tins time, but the use of 
methjdene blue and allied substances seems to affoid a far oi able line foi 
investigation 

In two experiments with orcein such heavy infections folloved that 
it vas thought that orcein might bieak down an actively acquired 
immunit} , accordingly Eat 27, having passed tliiougli an infection 
between Decembei 13 and lo, vas inoculated from infected Eat 38 and 
treated liypoclerraiealh vitli 10 diops of saturated solution of orcein in 
noimal saline solution, the animal failed to become infected Orcein, 
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therefore, m the quantity used can not destro} an actively acquired 
immunity 

PARALLEL INFECTIOX WITH SPIROCHETES AXD TRTPAXOSOilA LEWISI, IX 

21 ns RATTUS 

There is no striking modification of a trypanosomal infection in lats 
by the paiallel infection with spirochetes, nor, on the other hand, are 
the spirochetes affected by tlie presence of trypanosomes In one instance 
(Eat 56) the trjqianosomes increased at equal pace with the spirochetes, 
but the trypanosomes remained in the blood continuously for weeks 
after the spirochetes had disappeared (See Fig 9, chart of parallel 
infection of trypanosomes and spirochetes ) 

TRAXSMISSIOX OP RELAPSING FEVER 

The transmission of African relapsing fever by means of infected 
ticks, Oinxthodoios moiibata, fioni monkej’- to monkey was accomplished 
by the late T Everett Dutton and John S Todd of the Liverpool School 
of Tropical Medicine in 1904 During the next yeai infected ticks iveie 
sent to Liverpool, and from these ticks monkeys were infected Dutton 
and Todd were also successful in transmitting the spirochetes by the 
bites of young ticks nevly hatched in the laboratory from eggs laid by 
infected parents 

Breinl, Kinghoin and Todd vere unsuccessful in their attempts to 
transmit 8p dutiom or Sp obeimexcn fiom monkey to monkey by 
means of bedbugs The analogous disease in fowls, as determined by 
Maichoux and Salimbeni,-'* is transmitted by a tick, Axgxis mmxatns 

In an interesting note concerning the earliest mentioned epidemics 
in Great Britain Begbie quotes Welsh, who wiote from Edinburgh in 
1819, as follows 

When acting as a clerk in the Koyal Infirmary, in the course of four months 
my three colleagues, two of the young men in the apothecary shop, tw'o house- 
maids and thirteen or fouiteen nurses caught the disease and the matron and one 
of the dressers died of it Since I left the Infmnary three more of the gentlemen 
acting as clerks, one of the joung men in the shop and many more of the nurses 
ha^e caught the infection When it begins m a family we always expect more 
than one of them to be affected I could mention instances of 4, 5, G and 7 
being sent to the hospital out of one family, 8, 9 and 10 out of one room, 20 
and 30 out of one stair and 30 and 40 out of one close, and this all in the course 
of a few months Hardlj any of the nurses, laundry women or others coming in 
contact, either with the patients or their clothes, haie escaped At one time 
there were IS nurses off duty from the feicr It appears sufficiently remarkable 
that, as spccmlh noted by Dr Connant in 1843 and 1844, laundry women en- 
gaged in washing the clothes of the sick, though never brought into direct com- 
munication with the patients themsehes, suffered frequently from the disease 


21 Marchoiix D , and ‘^aliinbcni A 


Am de I’liist Pasteur 1103 \mi, 'iC'i 



SAMUEL T DARLING 


183 


Aftei leading the accounts of epidemics of i elapsing fever, together 
with our knowledge of the mode of transmission of tick fever and spiiil- 
losis in fowl and Mackie’s observations in India, one can haidly escape 
the belief that the spiiochetes of our local relapsing fever are eonve 3 ed 
mechanically or by an mtermediaiy host in the peison of some suc- 
torial insect or acarid — ^fieas, bedbugs, ticks, lice or mosquitoes The 
disappearance of relapsing fevei for long peiiods aftei extensive epi- 
demics from some localities, such as Scotland and Ireland, the failuie 
of the disease to assume any extensive charactei in the United States 
and certain other places after introduction, and the limitation of the 
disease frequently to lecently ai rived immigiants or sailors and to sea- 
port or neighboring tovns, point stiongly to a suctorial insect as the 
agent of transmission, and render it highly piobable that the conditions 
for the existence of this host are not favorable in the United States 
and ceitain other places, either due to the fact that the suctorial host 
does not suivive, oi that it does not possess a suitable alternate host to 
subsist on when man is not available 

There is no eiidence to piove the necessity of contact as in syphilis 
or in douiine or mal de coit, the trypanosomal disease of hoises trans- 
mitted during copulation Inoculation is accomplished vith ease, for in 
tv 0 laboratories wheie animal inoculations have been made with 8p dui- 
iom and Sp oheimeien tvo investigators and three assistants have been 
infected thiough an abiaded skin during an autopsy on a seveiely 
infected monkey and by the bites of infected monkeys Recently Mackie, 
of Bombaj , has made an important contribution to our knowledge of the 
transmission of Sp caitcn by Pedicuhis coipous Mackie studied an 
outbreak of Bombay relapsing fevei at the Uasik Mission Settlement 
He found that 14 pei cent of lice taken fiom the heavily infected bo 5 's’ 
vaid, 2 pel cent taken from the scantily infected giils’ ward and 13 
pel cent of aitificially fed lice shoved multiplication of spirilla in 
internal oigans 

Attempts have been made at the laboiatoiy here to infect animals 
by means of ticks, but ill efforts have been unsuccessful At the sug- 
gestion of Mr C L Marlatt, of the Depaitment of Agiiciiltuie seveial 
specimens of Amhlyomina~^ vere tiied with rats These ticks, Amhhj- 
omma dissiimle, taken from iguanas, and Ainhlyomma cajenncnsc, taken 
fiom dogs, have long biting paits and are dislodged from their cue- 

25 During exclusions out into the bush and jungle, I find that speciincns of 
Amhlyomma (species undetei mined) larial and adults, readily attac i lenisc ics 
and feed loiaciously 
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tomaiy liost 'nitli difiScultyj but they aie probably too large to be used lu 
the transmission expeiiments with rats 

The ecto-paiasites of lats aie generally quite small, fleas, mites and 
small ticks The common dog tick of Panama, BJiipicepJialus icxanus, 
has shorter biting parts and is more easily dislodged This tick will at- 
tach itself to lats, but unless the lat is immobilized the ticks aie lapidly 
killed and eaten 

COITGLUSIOKS 

The relapsing fever of Panama is distinct fiom the analogous fevei 
of Afiiea, Europe and Asia, although belonging to the same geneial 
class 

The micio-oiganism causing the local relapsing fever belongs to the 
group containing ohcimeten, Sp duUom and. Sp caiten 

This spirochete causes a recurring infection in man, monkeys (genus 
Macacus) and white mice, and single paioxysms in white and vild rats 
The animal reactions are similar to those obtained by Noiiis, Pap- 
penheimer, Eleuino)’’, Kovy and Knapp, with the oiganism erroneously 
identified by the latter two as Spiiillum obeimcxcn 

The blood of animals very recently recovered from an infection and 
that between paioxysms, where spirochetes aie appaiently absent fiom 
the peiipheral blood, is infectious, and by analog}’- this atfords a valu- 
able means of diagnosis of the fever in man during the afebrile peiiod 
by the inoculation of susceptible animals, mice and rats vith patient’s 
blood 

Theie is consideiable variation in the morphology of the spiiocliete 
in the same strain and sometimes in the same smear 

Identification of spirochetes can not bp made ivitli cei taint}" on mor- 
phologic grounds 

The mechanism of defense is largely that of phagoc}tosis b} hepatic 
endothelium 

Infected animals saciifieed at diffeient stages of the infection show, 
as the disease advances, an increasing number of fiagmentcd spiioclietct, 
engulfed by endothelial cells of the liver 

In animals mIiicIi had lecently recoveied fiom an infection a luor 
emulsion is more infectious than heait's blood This suggests the prob- 
able Mtalit} and unit} of fragments 

Infection by one strain of spirochetes is followed b} a con^^ideiablc 
degice of active immunity for that strain, but such immunih is not 
potent against another strain from a diffeient source, although of the 
same species and from the same localit} but from a different human ho;t 
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Foi the pioduclion of preventive and cniative seimns polyvalent 
seia derived from all the strains will probably be necessary 

The blood, in moderate amounts, of subjects winch have recovered, is 
of no value in preventing inf^eliions in white mice and white rats 

Eelapses may he explained by the multiplication of spirochetes in 
out-of-the-way places where they do not enter the portal circulation and 
can not be engulfed By livei endothelium 

Agglutination of spirochetes occurs at least twenty-four hours before 
the crisis in lats tn vitio and in vivo 

This spirochete is probably g spiral iibbon and not a spiral cylindei 
The group of spiral-shaped micro-organisms needs reclassification on 
a ba=is of morphology, patliQgenity and habitat 

This spirochete is more e^Losely related to bacteria than to protozoa 
The role of the spleen is similar to that observed in anemia 
"With suitable emulsions of liver substance and immune serums it 
should be possible to demonstrate specific opsonins 

The natural mode of infection is probably by means of an inter- 
mediary host — some suctoripl insect or acarid, eithei directly or by means 
of an alternate host, such as a wild rat or other susceptible animal 

I wish to evpress my indebtedness to the following gentlemen for various 
eouitesies 

To Dis Sommersgill and Brem for calling my attention to cases favorable 
foi animal inoculations and for clinical data, to Majoi Konald Ross, Dr A 
Breinl and Di S J Goldfarb for temperature charts, and to Col W C Gorgas 
and Lieut -Col J L Phillips for permission to publish 



EEPORT OP A CASE OP STOEES-ADAMS’ DISEASE 

THEODOBE B BABRIKGER, JR, MD 

NEW YORK 

Tills ease piesents seieral interesting featnies^ similar instance 
nliieli have not as yet been leported 

Patient — blacksmith -Has admitted to the iiards of the fourth mc( 
diiision of Belleme Hospital, suffering from acute gout, ini oh mg the 
and large toe joints He had had se%eral previous attacks of gout and tiv 
jears earlier a chancre nith uell-maiked secondaiy symptoms He had 
alcohol to excess for years He also complained of attacks of icrtigo 
SI ncope 

Physical Examination — An obese man, fne feet se\en inches tall, soniei 
djspneic The apeK beat is in the fifth left intci space, four and one half in 
flora the median line, and distinctly heaiing The outlines of the heait 
difficult to deteiinine on account of tiie thick chest vail The heart actio 
slow and regulai, 44 to the minute, and the sounds are noimal except foi 
accentuated aortic second At tae aortic area a systolic muiinui is heaid ti 
nutted upuaid Theie aie no sounds heaid during the diastolic pause 
radial pulse is 44 to the minute and of incieased tension (the sjstolic pies 
laiied hetueen ICO and 170) The ladials and hiachials are sclerosed 

edge of the right lobe of the liiei is felt thiee inches below the ribs in 
maramarj line 

The tiacmgo shown in Figuies 1 and 2 weie taken fiom the apex beat, 1 
and radial aitei-j It will be seen that the auricular rhjthm beaio no cons 
relation to the lentncular rlnthm, that is, the patient is suffering from c 
plete am iculoi enti iculai dissociation At the time these particulai ice 
weio taken, the auiiculai late was CO and the lentriculai rate 39 per inin 

The marked auricular Ii\er pul«e is unusual in cases of heart block am 
probablj' a coincidence, haiing nothing to do with the essential hcait Ic' 
Its significance is doubtful Mackenrie belieics it to be due, in a inajoiitj 
cases, to tricuspid stenosis 

The patient remained imaer tieatment for seieial months Pm mg 
time he had thiee attacks of lertigo and two sincopal attacks, once falling 
cutting his foiehead Unfoitunateh , he was not ^cen until some minutes a 
each of these attacks, so I could not tell if tlie> weie pieceded by a slov 
of the aentncles 

The condition of complete dissociation continued for a week after adi 
Sion and then giadualh disappeaicd, the pulse inci easing thioiigh seieral d 
until it 1 cached GS to SO pei minute After a few dajs of normal late the b] 
ao-ain retuincd giadiiallv and peisisted a few daas Uis longest period of bh 
lira was ten dais, and his longest pciiod of normil rate was three weeks 
seieral occasions, as was to bo expected, the tiacmgs showed a partial hi 
with two to one rlnthm During bis normal period the aunculoieiilnci 
mteiial was not lengthenwl, and the aurieulai Iner pulse persisted 


Tiom the Department of Medicine of Cornell Uiiuoisih Medical Coll 
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Atiopm lias been nsed b} a number of obseivers in cases of lieait- 
bloek to test the degree of dissociation Its nsnalty observed mode of 
action IS as follows In complete block the aniiculai late is markedly 
inciea5,ed, while the ventricular rate is piactically uninfluenced In par- 
tial block, wheie some of the auricular impulses pass over to the ven- 
tiicle, atropin increases the auiicular rate, and therefore the number of 
tiansmitted auiicular stimuli, and so the ventricular rate The usual 
explanation of this action of atropin is that it paralyzes the terminal 
cardiac filaments of the vagus nerve, uhich presumably exist only in the 
auricles So atiopin, or any measure acting on the vagus nerve, can in- 
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Tigs 1 and 2 — ^Tiacings fiom apex beat, Iner and aiteiy The letter a 
repiesents na^ves due to the conti action of the left aniiele in the apex tracing, 
and the right aniicle in the livei tiacing 


fluence the ventricle only indiiectly, provided, of course, that the auricu- 
lotentiiculai bundle is capable of transmittmg the impulse 

Taboia’- has shown, however, mthe course of some experiments with 
the action of digitalis on dogs, that the vagus neiie has a marked!} 
clectiie influence on the conductivit} of the auiiculoventncular bundle 
If this new IS collect, a case such as ours with an auriculoventnculai 


1 Tahoii Ztschi f expei Path n Theiap, 190G in, 549 
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Fig 3 — Tracing showing auriculoventneular dissociation 
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Pig 4 — Diagram from Figuio 3, upper lines, reconstructed c waies, loiver 
lines, reconstructed a ivaves 



Pig 5 ^Tracing taken after administration of atropin 
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Inmdle showing marked vaiiations in its conductivity^ ought to be very 
favorably influenced by atropin, ■which would remove this mhibitoiy 
vagus effect This expenment was accordingly carried out 

The tracing shown in Figure 3 was taken at 2 10 p m For fi\e days 
previouSj a condition of paitial or complete block had existed, the pulse vary- 
ing between 40 and 50 pei minute This shows a complete dissociation, with a 
ventricular rate of 39 and an auneular late of 59 per minute The absence of 
relation between auricular and ventricular systoles is recognized more easily 
in the diagram (Figure 4) constructed from the tracing 

At 2 12, 1/50 grain of atropin was given by hypodermic injection At 2 27 
the pulse rate had increased to 61, and at 2 47 the tracing shown in Figuie 5 
was taken 

This shows an absence of block Avitli auricular and ventiicular rate of 74 
to the minute That evening the radial pulse was 44 per minute, and foi the 
next thiity-six hours fiom 44 to 48 per minute 

This expenment supports the view that the vagus nerve influences 
the conductivity of the auriculoventricular bundle It shows, moreovei, 
that atropin can not always be depended on to determine whether a 
block IS complete or not Tabora^ also demonstrated in his experimental 
woik that vagus action alone can not produce dissociation an additional 
factor IS necessary, either anatomical change in the auriculoventricular 
bundle oi a damaging of its conductivity 

Consideiation of this experimental work, together with the age of our 
patient, his aiterioscleiosis, and the history of syphilis, make it probable 
that there was some morphological change m the auriciilo ventiicular 
bundle The inhibitory action of the vagus on the damaged bundle de- 
creased its conductmtj’' so much further that the varying degrees of 
dissociation were produced 

I am indebted to Dr Alexander Lambert for the privilege of report- 
ing this case 

34 West Eighty-fourth Street 
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A Treatise oisr Diagjstostic jSIethods of Examination By Prof Dr H Sahli, 
of Bern Edited, nitli additions, by Eiancis P Kmnicutt, MD , Professor of 
Clinical Mediane, Columbia University, New York , and Natli’l Bowditch Pot- 
tei, MD, Visiting Physician to the City Hospital and to the Fiencli Hos- 
pital, and Consulting Physician to the Manhattan State Hospital, New York 
Philadelphia and London W B Saundeis & Co , 1905 Octavo of 1008 pages, 
profusely illustiated Clotli, $6 50 net, half nioiocco, $8 00 net 

Tlie early apiieaiance of a second American edition of Salili^s Diag- 
nostic Methods is e\ idence of the usefulness and popularity of this excel- 
lent work, the special strength of tvliich lies probably in the fact that, 
as pointed out b} the authoi in the preface, it is not a mere compilation 
One may indeed turn to most of the sections and find a good discussion 
of diagnostic methods by a wise and experienced observer It is a well- 
lounded work in which the personal experience of the authoi is evident 
at many points 

hTothing could be soimdei than the remarks on percussion (page 154) 
and the statement that the percussion note which is loud 

enough to be lieaid at considerable distance is generally faulty ” The 
observation on page 265 apropos of auscultation of the heart that ‘Ve 
should always auscultate the patient in different positions, particularly 
standing and lying down,” is too often forgotten 

A large section (pp 397 et seq ) is devoted to a detailed description 
of the Sahli-Seiler butyiometric method of examination of the gastric 
functions The teiminal section on diseases of the nervous system is 
extensive and useful 

The book is so well Iniown that an extended review is not necessary 
Professor Sahli has been happy in the editors of the American edi- 
tion The translation is good, the lemaiks which have been added by the 
American editors are often helpful and many of the neu illustrations 
aie excellent and real additions to the work 

A few minor notes of suggestion oi criticism nia} not, hoveier, be 
out of place 

It IS a pit}^ that a more thorough description of the lenous pulse 
should not have been included in the section on examination of the heart 
and vessels, and again, although in the supplement some of Wenckebach's 
work has been reviewed, one misses tlie 3 udicious summary of modem 
1 esearches so valuable in other parts of the u ork 
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The desciiption of the cardiogram (p 298) is not nhat might bo 
desired It is also lather siuprismg (pp that so good an obsenei 

as the author should fail to recognize the ease with which the light heait 
ma}-^ he outlined bj caieful percussion in most cases Indeed, the dui- 
giams on these two pages aie not wdioll}' in conformity one wuth anothei 
The illustration introduced b}' the American editors on page 181 is 
hardly happj In the expeiience of the review ei percussion has never 
given so obtuse a cardio-hepatic angle excepting in pei rear dial ellusions 
M Huchard would piobabl} be soniewdiat siii prised to find hmiselt 
lefened to on p 2G0 as “von Huchard ” 

It ivould be w'ell if the terminolog}’^ of animal parasites should be 
1)1 ought into concordance wuth the now recognized rules of zoological 
nomenclatuie Tlieie w^ould seem to be small reason to-day foi the doubt 
expressed on p 433 as to the pathological significance of Sti ongyloides 
steicoiahs, which is here called meoirectly Angmlhda intestinahs and 
bteicQiahs Again, it would hare been well for the American editois to 
point out the rarity of Twma solmm in the United States 

In the section on examination of the blood no mention is made of 
the very valuable modifications of Ronianovsky’s stain, such as Leish- 
inan’s, Wright’s and Hastings’ 

The reviewer can not agree wuth the author in his advice that the 
teim “Hodgkin’s disease” bo dropped The observations of Dorothy Reed 
would seem to 3 ustifj the classification of this vaiiet}^ of disease oi the 
hmphatic apparatus as an entity either as Hodgkin’s disease oi Ijni- 
phadenoma 

It would have been wise to omit all reference to exploratory puncture 
in appendicitis (p 725) or to condemn it unreservedly 

Theie are many, assuiedlj and among these is the reviewer, who will 
legiet that in this otheiwise excellent trandation a somewhat pieialent 
but most unloiely fashion has been followed of omitting the terminal 
“al” from certain adjectives Such adjectives as “cylindiic,” “anatomic,” 
“tropic,’’ “symmetiic, ’ 'fiiystenc’ and the like do not beautify oi sim- 
plify the English language But these are small criticisms of an excel- 
lent w ork — one of the best existing manuals of diagnosis 
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THE EFFECTS OF CUTTIHO THE BEAHCH OF THE HIS 
BHHDLE GOTHO TO THE LEFT VENTRICLE - 

LEWELLYS F BARKER, M D , and A D HIRSCHFELDER, M D 

BALTIMORE 

The idea that uiidei ceitain conditions the two ventricles do not beat 
absolutely synchronously is an old one, and was used by 0 J B Wil- 
liams and by Skoda^ to explain the production of split heart sounds 
Experimental evidence of this asynchronism was given in 1890 by 
Philij)p Knoll,- who showed that the right ventricle contracted before 
the left during vagus stimulation KnolPs ex]ieriments weie confirmed 
by Leon Fredericq® (1906) and his pupil Stassen^ (1907) The latter 
showed that if ventricular extrasystoles were produced while the vagi 
were being stimulated, the ventricle in which the exti asystole was pio 
duced contracted 0 03 to 0 03 second before the other ventricle 

The idea that under certain conditions the action of the two ventn- 
cies might be so completely dissociated that a contraction of the one 
might be said to occui without the conti action of the otlier, was pro- 
posed b} von Leyden® in 1868 to explain a case of arrhythmia, in which 
one small beat followed a feu tenths of a second after the regular beats 

Von Le 3 den believed that the laige beat coi responded to s 3 "stole ol 
one ventricle, the small beat to S 3 ’'stole of the other Indeed, his curies 
showed that, though the fiist of the two beats gave a larger impulse 
over the apex, the second of the two gave a larger impulse over the right 
ventiicle Von Leyden^s explanation has been questioned by Riegel,® 

’ Fiom the IMedical Clinic of the Johns Hopkins Hosintal and Uniioisiti 

1 Williams and Skoda, quoted fiom von Leyden 

2 Knoll, Philip Uebei Incongiuenz in dei Th itigkeit dei heiden Heizh ilften 
vSitzungsb d k Akad d Wissensch Wath-natui n Cl, Vienna ISOO \ci\ 
31 o3, 6 

3 Fredeiicq, Leon La pulsation du cceiir dii chien est une onde de conliac 
tion, etc Arch internat de plnsiol lOOG n, GO 

1 Stassen ]SI Deloidiede succession de=, diffC renter pha=es de la puLation 
caidiaque die? le chien Arch inteinat de plu'^iol 1007 i GOO 

o 1011 Leiden E Uebei iiiigleichzeitige Kontiaction beidcr 1 entnkel Arcli 
f path Anat ISCS \liv 3Ga 

G Riegel F Zur Lehic ion dci Hoizn logulaiit it uiul Inkongruon/ in der 
Jh itigkcit del heiden Heizhilften ^^lesbadcn ISOI 



104 


CUTTING THE BHAyCH OF THE HiS BVXDLE 

Heimg/ Hel&ingms,'' and a host of otheis 4\ho claim that the condition 
jnesent \\as simply a pulsus bigeinmus of extiasjstohc oiigiii If tint 
explanation is tiue, it uould follow that o^el ceitain parts oi the heart 
especially o\ei the light ventricle, the mo\ement due to the e\ti asys- 
toles y\as moie maiked than that due to the stiong legulai beat This 
paiadoxical eftect might he due to the i elation of the heart to the leii- 
tiicle in the paitirulai intei costal space during the extiasi stole 



Tjg 1 — An ti iiisnussioii nnocTrdiogjapli 

In 1907 Iviaus and Isicolai” repoited a ca=e in uhich they belieyed 
that complete dissociation oi the yentiicles yyas piesent and claim to 

7 ITeiing H E P«eiulo ]Icnns5\^toIe und po=tn)oitilc Honu^sy ‘^tolc Deulsoli 
incd \\chii«clii 1001 \\i\ OSl 

S O r /iir Fiyge dci Lc\ dense icn Ileinisc «tolic Dcut«tli 

mod yytlin«t!n 1*101) \\\ii 140(i 

*1 Kr.ui- r nul NhoIh, G E Ucbei das I'lebtiocnidiogi iinni nnloi nor 
imltu nnd p ttliol«)gi"-clien VerlMltni'''-en ]5ul Khn yyelin--cln 1*107 \In, 7(i') 

I I'ber die funktionelU ''olidintat dei liei'kn ITer/!i ilften Ilcut-ili intd 
yydin-dir 1*)0S \\\i\ 1 
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ha-se shoMii it by electiocaicliogianis, though, at fai as ue knou, they 
]iave uot jiublisheci the cuives taken In 1908 Hewlett’ ° leported a case 
m Avhich lieats appealed on the ^ugnlai pulse winch could not be seen on 
eithei the apex oi the ladial tiacing He beheved that these cuive- 
on the ^ugulai tiacing lepiesented S} stoles of the light leiitiicles iinac- 
coiiipanied by systoles of the left, and, nioieovei, notes that in many 
eases the iiiteival between the caidiogiain and 3 ngulai wave is subject to 
considerable vaiiations 



Fig 2 — Ihe Aentiicles Aiewed liom aboAe sJiOA\ing the cuiAed needle inteited 
into the light A’enliicle and tlie knife blade cutting the bundle in the left dhe 
atiio \eutiiculai bvindle is «haded lightei than the lest of the heait iiiusele dhe 
aiiOAi shows the diiection in winch the kmfe handle is nioied to make the cut 

AVe have found that cuiteb healing moie oi kss lesomblance to those 
published bt Piotessoi Hewlett nia\ sometinns occui when the apex- 
beat disappeais at the heiglit oi lespnation, but Pioie^soi Hewlett ha'- 
assuied one of us that this will not explain iiianx of the tiacing= which 
he has obtained 

10 Hewlett A W He ii t Block in the Vcntin ul ii Will- Tin Aia nm s I^T 

xiri) ciufigo BIOS 11 no 
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CUTTING THE BRANCH OF THE HIS BUNDLE 


Schmoll/^ in the same yeai, published an aiiicle entitled ‘ Ata\ia of 
the Heart Muscle/’ in which he carried the idea of incoordination oue 
step farther and voices Wenckebach’s view that ‘“not the whole ventiicle 
IS contracting, but only certain parts of it” This explanation seems 
thus far devoid of ph 3 fsiological basis MacCallum has shown that very 
large portions of tlie left ventricle can be thrown out of function by 
injection of alcohol into its substance without alfecting the cooidination 
of the chambers or even the blood pressure On the other hand the onli 
definite expeiimental evidence of incoordination in the fibers of the len- 
tricles IS seen in the well-known plienoinenon of fibiillaiy contractions 
during which the ciieulation absolutel}’- ceases and the blood pressuie 
invariably falls at once to 7ero Moreover, all of Schmoll’s cuives admit 
of interpretation m accordance with the well known types of phlebo- 
gram, without assuming an inteiventneulai block 



A A A * ' - 1 A- A — 

Fig 3 —Conti actions of light (RV) and left (LV) ventiicles recoided bv the 
nij ocai diogi aphs before and after cutting the left bi anch of the atrio r entricular 
bundle Time in seconds 

a 

The subject of inteiientiiculai heait-block, Iheiefore, seemed voithv 
of expeiimental ini estigatiou Seveial months prior to Hewlett’s pub- 
lication one of us had attempted to cut the left bianch of the His 
bundle in the uppei pait of the lentiicular s-^stem by intioducing a 
knife thioiigh the vail of the \entncle and cutting into the septum, in 
the hoiie of blocking the cardiac impulse to the left ventricle but not to 
the light 

The number of experiments tiied was too small to be conelusne, but 
no si)fh incooidination vas pioduced Duiing the past vintei ve at- 
tenijited to caii\ on these expeiiments vith an impioied technic The 
contiactions of the lentiicles vcie iccouled bi means of tvo miocardio- 
gi.iph=i Tins appanius (Tig 1) made accoiding to the suggestion of 
Di rto/iei ol Ran Fiancweo con=istod of a doulile-ended tamboin 2 3 

11 '^tlnnoll F \ta\n of the Heart XIiisclo Am Tour ^Ted Sc 1008, 
twwj, Gill 
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em in cliametei, aimed with two wiie levels The lower arms of the 
levers (2 cm long) weie hooked foi insertion into the mnscle of the 
ventricles^ while the upper ends, above the fulcrum, weie also 2 cm 
long and passed through holes m a celluloid foot which was glued to 
the dam of the taniOoui A small (0 3 mm ) brass tube led oif from 



Fig 4— Ihe left ^entIJc]e shoeing the cut thiough all the riniihcation*: of the 
lett blanch of the atiio lentnciilai bundle, nhich appear lightei than the rc^ o 
the hcait muscle 


the cential imocaidiogiaph tambom and vas connected Aith the locoi 
mg taniboui bj inblici tubing , 

In the oailiei expenments tie attempted to cut the 
the Ills bundle vith a fiim Imife-bhde run into the tenincle no - 
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caiotid aiteij and aoita (Dniing its passaga iliG knife-blade ivas pio- 
tected by a caidiac sounds fioiii winch it iias then evtiiided ) This 
method nas nnsatisfactoiv, since it iias difficult to do iiioie than nick 
the M alls of the septum 

A small knife-blade about 3 mm in uidth was then used, it uas 
intioduced thiough the left nail of the lentiicle as neai as pos'^iOle to 
the mid-line, and the septum was cut by a diauing stioke, pressing the 
handle of the knife to the left ivliile diaiving it towaid the opeiatoi 
in this uai one successful opeiation uas peiioimed Howeiei, alter 
man} partial cuts had been made, in uhieli the anterior and posterior 
paits of the septum were nicked, but the middle portion of the septum 
'eft uninjured, it became eiident that the inter ventiieiilai septum must 
assume a eoneaie form (uith concavity touaid the left) during sys- 
tole This was overcome by mtioducing a long ciiiied needle into the 
anterior vail of the right ventricle as near as possible to tbe septum 
following along the septum to the posterior vail, and penetrating the 
latter The right ventricle vas thus impaled on the curved needle and 
the concavity of the left aspect of the septum converted into a con- 
lexity (Fig 2) When the knife-cut vas non made as before it vas 
much more often successful 

In all, fourteen operations veie performed, in five of vhich the leit 
branch of the His bundle vas cut without injin > to the right 

In all but one of the successful experiment': this vas folloved by 
complete atiio'sentiiculai heart-block, but bot'i lentncles contracted 
SI nchronouslj (Fig 3) The ih'^thin vas the slow, regulai, independent 
lentiicle rhjdhni In these experiments seieial cuts veie made, and the 
heart stopped beating after a few minutes, so that it can not be stated 
whether the complete block v as due to the section of the bi anch and the 
trauma to the entire bundle, or vas ineieh a terminal phenomenon 

in one experiment, hover ei in vhich onh a single cut vas made 
the rentncular rate remained entnelv unchanged and no block vas 
present The heart continued to beat rigoioiish eren aftei removal fiom 
the bodi The left branch of the A cut through (Fig 4) Init the 
eeptum vas not pieiced and the light branch vas alisoluteh intact 
(Fig 5) 

Fioin the clinical and pathological "ule oui expeiinients hare the 
fuitlier coiifiiination that Saigo’- found fattr degeneiations and patches 
of mroeaiditis alTecting the left blanch of the bundle in nianr ca'!cs in 

12 Siipo Die rinkinic«clicn Mii«kelfa=oin bei Drknnkiiiigen ilc- Xhocard^ 
Vcilnntird (lcut=cli jntli Gc'OlDcli Torn lOOS \ii Ifi') 



LEWLLLYS P BAliKER—A D HimCEPELDEh 


199 


which the heait rate had been quite noiiiial, and in which theie had 
been no tiace of ventiiculai incooidmation 

It iioiild appeal theiefore, that the His bundle plavs little if any 
lole in the cooidmation of the two rentiicles This might be expected 



I'l" > — ^The iijiht ^cutllcle of the same heirt 'showing the ‘iO))tum nnd right 
branch of the rtrio aentncvilai hniulle (nuhc.ited In the arron ) intict 


«nice Liulnig Kichl and MacCalluni liaie sliown that the fibers of one 
teiitncle pas^ iiithont niteiuiption into those of the other The mn^cu- 


200 


CUTTING THE BRANCH OF THE Bill BUNDLE 


lai budge between the tno chambeis is foimeJ bj the entiie nuiseula- 
tme of the heait wall^ and hence theie is no such naiiow connection 
as is piesent between atiia and ventiieles at which a block might be pio 
dnced It seems moie probable that an}’ such incooidination, if piesent 
would be between the different layers of muscle fibeis common to the 
walls of both ventricles, rathei than between the two ventricles them- 
selves, and that in some cases of apparent hemisystole seen in animals 
lust before the heart stops beating (and after the ciieulation has ceased) 
the outer la}er of fibeis in one ventiiele has stoiiped beatmg, while the 
outer layer of the other (inner layer of the first) continues to beat for 
a few moments longer 

It IS not our intention to claim that no such thing as a hemisystole 
ever occurs under clinical conditions, but meiely that in the absence 
of experimental evidence of its occur rence a considerable degree of skep- 
ticism IS warrantable The experience of von Leiden demonstrates how 
easily a false interpretation of these phenomena may be made when 
founded on clinical observations alone 

We take great pleasure in expressing oiii thanks to Dis George M 
Bond and Elizabeth S Hell weg for their kind assistance in these expeii- 
ments 

6 Fast Franklin Street — 2243 Linden Avenue 
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The most noteworthy study of the bacteiiology of mumps is by 
Laveran and Catrin,^ who in 1893 described a diplococcus in the exudate 
which they obtained by aspiration of the paiotid gland They found 
this diplococcus 67 times in 92 cases, 39 times the organism uas ob- 
tained in pure culture, twice in mixed culture and 15 times the lesult 
was negative The 15 negative lesults thej^ attiihute to the small quan- 
tity of exudate obtained In 16 cases of secondary oichitis puie cultuie 
was obtained 12 times, once with contamination and three times they 
obtained no growth The oiganism was obtained from the blood during 
the height of the fever 10 times in 15 examinations Three times pure 
cultures were obtained from the edema of the oveil3ang tissue of the 
gland and once from the exudate of a 30’int They found it fatal in 
large doses to white mice Injections into the testicles of labbits pio- 
duced an inflammation which lasted about eight days 

In 1896 Meciay and WalclP examined the saliva fiom Steno^s duct 
in 10 cases They found a diplococcus 6 times In 8 blood examina- 
tions they obtained the organism in pure culture 3 times mixed with the 
white staphylococcus 3 times, and twice then results were negative In 
the same year Busquet and EerP examined the blood and saliva in 3 
convalescents and in 17 patients during the eaily stages of the disease 
and found a diplococcus in all the cases 

In 1897 Michaelis and BienP examined the secietion from Steno s 
duet in 16 cases and obtained pure cultuies of a diplococcus in all 
Then animal experiments gave negative lesults 

In 1906 Teissiei and Esmein'^ examined the blood m 45 cases and 
obtained a diplococcus in 37 The negative lesults weie in those vith 
a light attack of the disease 01 duiing convalescence The oiganism va': 


*From The !Memoiial Institute foi Infectious Diseases Chicago This uork 
^^as aided hj' grants fioin the American Medical Association A 
poit appeared in the Journal of the Aineiican Medical A=«ociatmn, L 

1 La^eian and Catim Compt rend soc de biol ISC'? o-b 

2 !Meciav and Walch ^Icd Bee 1890 i I-IO 
Bnsquet and Fen Be% d niCd 18*10 -vm 
M ichaelis and Biem Vciaaiull XV Cong f inn Med 1- * 

Teissiei and Esinoin Compt lend soc de biol lOOi, I\ . 
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obtained 33 times m pure cultuie, tuice uitli btieptococci, twice with a 
bacillus and three times with a coccobacillus Tlie exudate fiom Steno s 
duct showed in 10 examinations 9 pme cultures The coccus was fatal 
to guinea-pigs and rabbits Following intiape/itoneal inoculations an 
orchitis del eloped in 4 of 7 lanbits 

In 1907 Korentschewsky® isolated a diplococcus fiom the gland 
exudate in 21 of 29 cases His blood examinations gaie positive lesults 
in 8 of 32 cases The oiganisni was fatal to mice, guinea-pigs and lab- 
bits in laige doses Ho le^ults weie obtained in dogs 

So fai as ma} be judged fiom the description of the iiivestigatoi s 
I have cited it appears veiy probable that the) have dealt with the 
same diplococcus 



Fig 1 — Smeir from thnU six houi oW giowth on gljceim agar X 1200 

SOURCE AXD DESCRIPTIOX OF DIPLOCOCCUS USED IX' THE EXPERniEX'TS 

A Similar diplococcus was obtained by me fiom the bod) of a man 
about 40 lears old who enteied the hospital in a nioiibund condition 
and died in a few hours Except the report that he had had mumps 
no history was obtained The postmoitera by Di LeCount showed a 
richt suppuratne parotitis, bionchopneumonia and seieial minor 
lesions 

The ceieiiiospmal pleuial and peiicaidial fluids bile spleen, lung, 
testicle and light paiotid gland ivcie examined brctenologicalh Coier- 

G Korent=clie\\ sk\ Centnlbl f Boktcriol , 1007, xln, 394 
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glass piepaiations fiom the bile, peiicaidial and ceiebrospmal fluids 
showed a latbei laige diplocoeeus, the lattei also contained a small 
coccus occuiiing in gioups The pleuial fluid contained a shoit bacil- 
lus They were both Giam-positive Pioteiis vulgaus was isolated fiom 
the pleuial, ceiebiospmal and peiicaidial fluids, the spleen, lung, testi- 
cle and paiotid gland, Staphylococcus alhus fiom the lung, testicle, 
ceiebiospmal fluid and paiotid gland Fiom the lung, testicle, ceie- 
biospinal and peiicardial fluids, bile and paiotid gland a coccus uas 
isolated with the following chaiacteiistics 

The coccus appeals most fiequently as a diplocoeeus, occasionally in 
chains of 4 to 6 elements, oi m small gioups (Fig 1) It is louiid and 



Fig 2 — Unifoiiu enlaigenient of the left paiotid gland of dog on fouitli da^ 
aftci injection of diplocoeeus into Steiio’s duct 


measuies fioin 0 5 to 0 8 inicious when aboiu twenti-foui ]ioui= old 
When se\eial davs old it measuies fioni 0 6 to 1 5 micions Ji i= easih 
stained all the oidinaiv anilm d\es and is Oiam-po=itne It glows 
equalli well aeiolncalli and anaeiobicalli It i= rot motile lia« no laji- 
sule 01 flagella and does not foim spoic= gas oi indol It giow- be-’^ 
at 37 C 50 C foi tbiee minutes de<t.oi= growth told inhdm^ but doe- 
not piCNcnt giowth when the eulluie is airain placed under faun ibh^ 
conditions Colonies dciclnjied fiom a milk (ultuie two month- o].. 



204 


EXPBRIMETfTAL PAROTITIS 


and from agar which was dried till at was broken Wlule the coccus 
develops on all the ordinary media, its growth is characteiistically slow, 
the twenty-four-hour gtycerm agar colonies being scarcely visible 

Saliva being the natural secretion of the paiotid gland, it vas 
thought that the organism would grow more luxuriantly on a medniin 
in which saliva was incorporated This was found to be true, an abun- 
dant growth being obtained in half -the time requiied on other media 
Saliva was collected in test-tubes and passed through a porcelain 
filter (Pasteur-Chamberland) hTutrient agar-agar was heated to the 
melting point, allowed to cool to 48 C, and about ten drops of the 
sterile saliva added to an ordinary agar tube The tube was then rap- 
idly rolled between the hands in older to mix the agar and salua 



Fig 3 — Showing parotid of same dog as represented in Figure 2, killed by 
chloroform on the fourth day after injection, skin and muscles have been renioied 

thoroughl}'^ and solidified in the oblique position The tubes weie now 
incubated at 37 C for forty-eight hours and caiefully examined with a 
lens to make sure they w'Cie sterile before inoculating them Sufficient 
saliva should be added to form some fluid of condensation 

Aseitic agar is also better medium than gl}ceim agai, but not so 
good as the saliva agar 

Ghjccun Agm Siiolc—Vcurh white, pm-pomt, dwciete colonies 
without pigment 

Sahia Agm and Asciiic Agai Sii ole SmnUi to ghccrin agai but 
earlier and more abundant growi;h 
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Ilwimi Blood Agm — Pm-jDomt, lound, disci ete colonies, suriounded 
by a clear white zone of hemolysis 

Blood Semiiij Loefflei’s — Finn, white beaded growth without lique- 
faction of the medium or formation of pigment 

Potato — ^Dull gi ayish-white, scanty growth without pigment 
Agai 8tal) — ^Delicate beaded giowth along line of puncture 
Glucose Agm — Similar to plain agar No gas 
Lxtmm Mxlh — Soured in twenty-four houis, coagulated m fortv- 
eight hours 

Plmn Bi oth — Slight clouding in twenty-foui hours, later an abun- 
dant tenacious growth in the bottom of the tube - 



Fig 4 — Chait of opsonic index in expeiimental niunips of dogs (Foi history 
of Dog 1 see Expeiinient 2 llie liistoiy of Dog 2 is not gnen ) 


Gelatin — Beaded gionth along line of inoculation appealing about 
the thud 01 fouith day uith liquefaction of the medium in foui oi tiie 
n eeks 


nXrEBIMEN'TS 

The oiganism is fatal to nhite mice, nliito lat- guincn-pigs and 
labbits uheii iniected subcutaneousli oi iniiapciitoneall} In the lat- 
tei case the animals usualh die uithin l^^ent^-four boms of pentoniti-- 
Those that suiMve foi se^eral dais die of battenemia 1 be <rro\u i 
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fiom a foitj^-eiglit honi agai slant suspended mice normal salt solu- 
tion injected into tlie testis of labbits produces an acute inflaininatoij' 
condition wliicli lasts foi seien to ten daj^s and then disappears ivitliout 
suppuration, the stiuctuie later appealing peifectlj nonnal On the 
other hand, animals similarly inoculated with staphylococcus oi strep- 
tococcus die of peritonitis within twenty hours, while an injection of 
noimal salt solution alone produces no reaction 
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Pijr 5_Clnit of opsonic imlev for the diplococcus studied in n eise of iiiuinps 

The following expenmeut iias made on a medium-sized so-called 
white-laced iingtail inonkeA 

Ixpciimcnt i— On ^el)lnn^ 7 the aiiiiml (teinpentnie lOOS D wns in 
oonhtcd tlnoush the njzht Steno s duct with the prowth from a foit\ eipht liour 
n«citic ipir cl int 'iicpendcd in 1 < c nomnl =nlt solution 
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Febniaij S Tempeiatuie 103 F slight spelling of the paiotid lefuses 
food 

Febiiiaij' 9 Tempeiatuie, 103 2 F, decided eiilaigement of the paiotid 
chews w'lth difficulty, but does not appeal sick 

Febiuaiy 10 Tempeiatuie 1018 F, paiotid about as j^esteiday, less dif- 
ficulty in chewing, appetite good 

Febniaiy 11 lempeiatuie, 1012 F paiotid smallei than yesteidaj 

Febiiniy 12 lempeintme, 100 8 F , swelling of the paiotid giadually dis- 

appeai mg 



Fig 0 — Section of the paiotid of dog on second da-\ aftci injection of the 
diplococciis into Steno s duct X 050 

Febunij 13 Tempeiatuie, 100 2 F swelling of paiotid giadualh disap 
peiiiiig 

Febuiaii 14 Tcnipei atuie 100 2 F piiotid appcii-' of nonn il ‘•u'c 

Most of expciimonts hate been on rlog= In ji.i'sing if ni.n be 
noted that Bnsquet and Boudeand* lecoid an m^taiue of niunip-' ni ih ’ 
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dog, a second animal getting the disease from the first The}’ isolated 
a diplostreptococcus ’ from the sali\a in Steno’s duct in both dogs and 
fiom the blood of the second 

The dog seems to react in a characteristic manner to the intro- 
duction of the coccus I have studied into the paiotid gland, while sub- 
cutaneous and mtiapeiitoneal inoculations produce no results Direct 
inoculation into the parotid gland of dogs causes a swelling of the 
gland, lasting for seven to ten days The injection of suspensions into 
Steno’s duct produces in dogs a uniform swelling of the paiotid gland 



Fig 7— Section of the paiotid on fifth day after in]eetion X 650 

vhich begins in from 48 to 72 houis, continuing to enlaige for 
a few da^s, vhen the gland graduall} leturns to normal swe 
In these animals the tempeiaure duimg the period ot the spell- 
ing of the gland langes fiom 1 to 1 o T aboie normal, m no case did 
‘suppiii ation develop and vith the exception of difficulty in cliepin^ 
for a da-s oi tvo the animals appear to suiter no special iiiconicnience 

(Figs 2 and 3) 
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Injections into the duct of mixed cultures of the oiganism and 
staphylococcus causes edema of that side of the face and the parotid 
gland in three or foiii liours and abscesses form in three oi four days 
In two dogs that survived these injections after drainage of the abscesses 
tlie paiotid gland was completely destioyed One dog died on the fifth 
day of bacteriemia, another developed lung ab'^cesses and died on the 
twenty-third day 



Fig 8 — Section of the paiotid on si'vtli day aftei injection X 150 

The following records of expeiimental inoculations of tlie diplococ- 
cus into Steno's duct in the dog illustiates veil the changes thus pro- 
duced in this animal 

Erpcnmcut 2 (Dog 1) — Febiuaiy 24 Small loung black and ^\lnte dog 
Temperature 102 5 F Inoculated into the left Steno s duct ^Mth the bad^nt 
from two foita -eight houi ‘^all^a agar ‘slants su'spended mice broth 

February 25 'lempeiature 102 5 F Xo -M^iblc change 

Febium 2G Temperatuie 103 F Parotid enlarged Dog whine- w In « brm 
pressure is made o\er the gland 
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Febiuary 27 Tempeiature, 103 5 F Paiotid evenly enlaiged and liaid Dog 
does not act ill, is playful and hungij^ but expeiiences difbeulty in chewing 
February 28 Tempeiature, 102 8 F Gland about as it was jesterdaj” Pme 
cultuies of the organism injected developed fioin aspinted fluid 

Maich 2 Temperature, 102 5 F Swelling giadually disappearing 
Maich 5 Teinpeiatuie 102 5 F Almost no enlargement of the gland 

Mai eh 6 Temperatuie, 102 5 F Gland appeals normal 

Foi the opsonic index see chart (Fig 4), lieai’y line ' 

Expeiiment 3 (Dog 7) — April 21 Laige fox teiriei (tenipeiatiiie 102 F) 
was inoculated thiough the right Steno’s duet with a forty-eight houi giowth 
from thiee tubes suspended in biotb Leucocyte count, 12,350 



I^ucocjtc count, 12,350 


Some dif- 


Apiil 22 Tempeiature, 103 F Dog appeals well 
Opsonic Index, 1 G 

Apul 23 Tenipeiatuie 102 F Dog shows swelling of parotid 
ficulti in chewing Leucocyte count, 31 200 Opsonic index 1 2 

Aniil 24 Teinpeiatuie 102 Paiotid eonsiderabli iaigci than ic--teidav 
Do" whines when pressure m made o\ci gland DifllculG in chewing Testicles 
appear firmer and larger than normal Leucocite count 31.000 Opsonic in 

de\ 2 2 
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April 25 Tempeiatuie, 102 F Paioiid evenly enlaiged and liaid Dog ap 
pears well and eats witli less difficulty Testicles about as they weie yesteiday 
Leucocyte count, 30,000 Opsonic index, 2 

April 27 Tempeiatuie, 1014 F Paiotid slightly decieased in size Leu- 
cocyte count, 20,000 Opsonic index, 2 4 

Apiil 28 Tempeiatuie, 1018 F Paiotid smallei than jesteiday Leucocyte 
count, 23,700 Opsonic index, 1 9 

Apiil 28 Tempeiature, 101 8 F Paiotid smallei than yesteiday Leucocyte 
count, 23,700 Opsonic index, 1 9 

Apiil 29 Tempeiature, 102 5 F Swelling of paiotid lapidly disappearing 
Leucocyte count, 10,400 Opsojiic index, 1 4 

Apiil 30 Tempeiatuie, 101 8 F Paiotid almost noinial in size Leucocyte 
count, 12,800 Opsonic index, 1 



Fig 10 — Section of the parotid on sixth daj aftei injection X 1250 

Unf 01 hinately no diffeiential leucocyte counts ueie made in tlu« 
case In otliei inoculated animals in which counts ueie made the same 
leucocytosis was obseived and found to depend appaicnth on a uni- 
foim inciease in the dilieient forms of leucocites Sacquepce'* found 
a model ate leucocitosis due to inciease in the nmnonucleais in oulinan 
mumps uithout oichitis, uhile F Pick'* did not find an\ ]eucocito=i‘: in 
mumps, but a lelatno inciease in the inononucleai= and a lelitne de- 
ciease in the pohmoiphonucleais 

S SacquCpec Arch do mCd c-xpCi ot d imt path 1'10_ n 111 

9 Pick, F Wien klni Wchnscln 1002 xm 500 
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^Negative results ^^ele obtained in dogs inoculated tliiougli Steno’^ 
duct with filtiates of old biotli cultures and suspensions of the diplo- 
coccus heated to 60 C for 30 ininutcb The opsonic index did not seem 
to be affected bj these inoculations 

OPSOiSriG INDEX IN A CASE OP MUMPS 
In spite of man}'^ effoits to seeuie opportunity'^ to study cases of 
mumps during the progress of this investigation only one suitable case 
came under observation The opsonic index of tlie serum of this patient 
toi rhe diplocoecus described m this report shovs a well-maiked use 
at the peiiod of the height of the swelling yust as the teinpeiatiiie was 
returning to noiinal (Pig 5) The clinical i ecord follov s 



Fig 11 — Section of paiotid on tenth daj aftei injection Complete lestitu 
tion X 050 

Wonnn aged 23, tiained nurse, uas caring for a child uith imiiups when she 
noticed (Septenibei 24) a swelling of the left side of the face 

Septenibei 25 Teinpeiatuie 100 F Swelling has increased and patient 
feels genciallv iinconifoi table, has seicre headache and difliciiltv in chewing 

September 20 Temperatiiie 09 F Swelling of paiotid and icgional hnipli 
glands quite maikcd Head still aching, no appetite 

September 27 Tempeiature OS F Paiotid and legional hmph gland^. much 
cnlaiged and iei\ haid Some di«conifoit is felt when fiini pressuie is made oier 
the pirotid 

Septenibei 28 Teniperatuic OS F Is feeling liotter but no change in the 
swelling 
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September 29 Temperature 97 6 F No change in swelling 
September 30 Temperature, 98 F Swelling seems less than yesteiday Feels 
well and is hungry 

October 1 Temperature, 98 F Paiotid and regional lymph glands decreas- 
ing in size 

October 2 Temperature, 98 F Feels well S\velling deci easing 

October 3 Temperature, 98 F Sw'elling lapidly disappearing 

October 4 Tempeiature 98 F Sw'elling almost gone Patient feels perfectly 
w’ell 

GROSS AND MICROSCOPIC ANATOMY OP EXPERIj^IENTAL MUMPS IN DOGS 

The enlaiged paiotid of inoculated dogs is of uniform film consist- 
enc}’-, the enlaigement often reaching many times the noimal size (Figs 



Fig 12 — Section of cerMcal lymph of dog on se^enth day after injection of 
the diplocoeeus into Steno’s duct X 150 

2 and 3) the cut suiface is pinkish exuding a little pinkifii. lather 
tuibid, fluid The neighboimg hmpb nodes aie modeiateh swollen 
nut thcie aie no gioss changes in othei parts of the bod^ 

Dogs inoculated thiough one oi both Steno’s ducts were cliloiofoinud 
at ^allous stages of the disease and sections made of the nitcinal oig.ni 
and bone maiiow foi micioscopical stuch In otlicis the jiro^C" wa 
not distuibed and in these the blood changes weie studied 

Pieces of tissue foi niicioscopu studA were lenuned iniiiiH iat ^ 

afici the animals weie killed and placed eithei in > J'er cent a ( 
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or Orths fluid Sections fixed in alcohol ueie embedded in paiaflin, 
while those fixed in Oith’s fluid were embedded in celioidm aftei being 
washed in lunning water foi twenty-four hours The femur was selected 
for the study of the marrow The bone was sawed lengthwise and placed 
in alcohol When the marrow was suffieientlj fixed it was removed and 
embedded in paraffin The marroiv was stained with polychrome methy- 
lene blue and eosin, all the other tissues in heinatoxjdin and eosin 



Fig 13 —Section of the testis of a dog on fom th daj after injection of the 
diplococcus into Stenos duet Cellulai iiiteistitial infiltiation X 150 

On the second oi thud day after inoculation theie is a diffuse cel- 
lulai mfiltiation of the inteistitial tissue of the paiotid vhicli extended 
to the intcjlobulai tissue to a shglit extent At the lieiglit of the spell- 
ing ol the gland the cellulai invasion has evtended to the acmi The 
cells lining the ducts aie svollen oeeasionaDi desquamated;, the lumen 
pacbed Pith cells and cell detiitus The ducts aie the last to become 
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involved and the first to lecovei The invading cells are composed of 
large polygonal cells with a vesiculai nucleus, many cont-aming small 
daik chromatin granules or nuclear fragments, plasma cells, and a few 
Ijmphocytes and degenerated cells By the end of the second week the 
gland has returned to nonnal condition Suppuration oi necrosis never 
occuried (Bigs 6-10) 

The cervical and posttracheal lymph nodes show an eaily involve- 
ment The capsule and trabecula contain distended vessels and there is 



Fig 14 — Section of testis illustrated bj Fig 13 at bigber nngmfir'it’oii 
X 500 

more or less cellular infiltration The lymph spaces are videued and 
filled vith cells and the outline of the secondan follicles and modi)llar% 
cords aie indistinct (Fig 12) In all the sections c\amined the cortica 
Ivmph nodes as a rule are difficult to define The ‘=uiu=g= conl.iui ni 
11101 ous large pohgonal oi elongated cell': ivith a largo le-icu ai mu 
01 a larae round nucleus with deep!' ctainnig chiountin 
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increase in numbei of lymphocytes, phagocytic cells iiith tiio or more 
partly digested cells as also red blood cells and blood pigment 

In the sections of spleen examined the capillaries aie distended 
with blood and there is increase in the large, round, gianulai mononu- 
clear cells, leucocites and small lymphocytes, nucleated red cells and 
large, marrow giant cells In the spleen of one dog killed five days after 
inoculation theie is a very marked increase in the nucleated red cells, 
which appeal in clusters oi groups of six or more The follicles aie 
swollen and contain nmnerous large polygonal cells with a vesicular 
nucleus 

In the bone marrow, so far as the eompaiatively few sections exam- 
jned permit an}’^ statements, changes appear about the time the paiocid 
begins to enlarge, but they disappear somewhat earlier than the paiotid 
swelling subsides There is a noticeable increase in the mononuclear 
cells, pailicularly in the neutrophilic myelocytes and the undifPeien- 
tiated lymphocjte.s of Wolf, and also m the nucleated led cells Shght 
increase in the megakaryocytes, eosinophiles and pol} morphonuclear 
cells These changes are most pronounced during the height of the 
infection 

An orchitis was present in one of the thiee male animals killed for 
micioscopic examination It is thought that this condition was present 
m some of the animals that recoveied, as the glands appealed some 
what enlaiged and firmer than normal From a careful studv of the 
material at hand (Figs 13 and 14) it seems that the inflammation 
begins as a cellular infiltiation in the intestinal tissue and soon invades 
the tubules The cells forming the infiltiation are of the mononucieai 
variety, the majority being polygonal cells with an eecentricallj placed 
nucleus and a laige amount of protoplasm, there are also cells vith 
a unitoimh densely staining eccentric nucleus, cells with a large vesic- 
ulai nucleus and a small nm of protoplasm About tlie time the 
invading cells penetrate the nails of the tubuli contoiti there ocems a 
swelling and moie or less indistinctness of the Sartoli and spermato- 
genic cells, with a cessation of mitosis in the spermatogenic cells The 
spemiatoids appeal unaffected hi the process Unaltered speimatozoa 
aie found in all the tubules except those most piofoundl} affected, m 
nhich the} are absent The cells lining the tubuli recti are snollen 
and the lumen is filled with desquamated cells and cell detritus Uo 
areas of siippuiation or neciosis nere obscived The inflammatorj 
changes consequent!} coiiespond to those nhich occui in the parotid 

About the time the paiotid becomes enlarged the tubular epithelium 
of the kidnev becomes snollen, cloud}, fatt} and oeessionally desqua- 
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mated The lumen is more oi less filled uitli gianulai mateiial Later 
tlieie IS an intense engorgement of the blood channels extending into 
the peiipheral zones, about the fouith oi fifth day aftei inoculation, 
cells aie occasional!}^ seen 

The panel eas, lung and supiaienals piesent no changes worthy of 
note 

The livei fiiows a slight cloudy swelling, with deposition of fat m 
the peripheral zones, about the fouith oi fiftli day aftei inoculation, 
later theie is a niaiked congestion of the cential and mterlobulai veins 
so that the livei cells are piessed into nan on bands Small groups of 
mononuclear cells are present in the ma3onty of sections 

SUMMARY 

The principal, distinguishing or ehaiacteiislic featuies of the dip- 
lococeus isolated from a case of mumps aie the following 

Gelatin is vei} slouly liquefied In broth a slight cloudiness is pio- 
duced in twenty-four hours, later a tenacious deposit foinis m the bot- 
tom of the tubes Milk is soured in tuent3'-foiu houis and coagulated 
in foity-eight houis Potato pioduces a gia3ish-v lute abundant grovth 
On blood agar a slight zone of hemolysis appeals around the colonies 
Agai cultuies show pearly white, tenacious, pm-poiut, round, disci etc 
colonies No production of indol The oiganism occuis most fieqnently 
as a diplococcus, occasionally in small gioups oi chains of fiom foiu to 
SIX elements It is non-pyogenic 

AYlien injected into Steno’s duct in monkeys and dogs this diplococ- 
cus causes a diffuse non-siippuiatiie paiotiti-, the infiltration being 
composed laigely of mononucleai cells, and occasional!} also oichitis 
of a similar character Dm mg the coiuse of this expeiimental paio- 
titis the opsonic index for the diplococcus shovs a maiked use reach- 
ing the highest point at about the time ivhen the paiotid spelling is 
most maiked In one case of human mumps (the onh one studied) a 
similar rise of the opsonic index foi this oiganmn took place Theie 
IS consequently good reason to regaid this diplococcus vliich cone=ponds 
veil vith the desciiption given by Laveian and Catiin of the diplococcus 
isolated by them from cases of mumps, as the actual cause of mumps and 
the disease produced m my dogs as genuine experimental mumps 



cbetaijst unusual lesions op the lymphatic 

APPARATUS 

INCLUDING A DESCRIPTION OP PRIMARY IIODGKIN’s DISEASE OP THE 
SPLEEN AND A CASE OP GASTROINTESTINAL PSEUDOLEUKEMIA'' 

DOUGLAS SYIMIMERS 

NEW TORK 

In 1832 Hodgkin^ called attention to the existence of a disease 
characterized primaiily by progiessive enlargement of the lymph nodes 
and associated, in many instances, with enlargement of the spleen In 
the light of oni present knowledge it appears that seveial of the cases 
originally described by Hodgkin were examples of leukemia or of gland- 
ulai syphilis or tuberculosis, but that at least two were genuine instances 
of the affection to wliich Wilks,’ in 1856, gave the name of Hodgkin’s 
disease and for wliicli, in recent years, a definite histology has been 
established Since the appeal ance of Wilks’s papei in England, and a 
communication by Bonfils in Fiance in the same }eai, many contribu- 
tions have been made to the literature of the sub 3 ect, and iindoiibtedlv 
several different lesions have been described under the title of ^'Hodg- 
kin’s disease”, among them leukemia, non-caseous glandulai tubeicu- 
losis, Ijmphosaicoma and pseudoleukemia Despite the confusion occa- 
sioned by lack of Imowledge of the pathologic histologj^ of Hodglcm’s 
disease, the older observers came to lecognize tvo types, and to legard 
them as different vaiieties of the same lesion — one soft and chaiacteiized 
bv great cellular richness, the othei film and tending to become scle- 
rotic Indeed, in the lattei t)pe, giant ceils vcie observed by Yiichou 
in 1864 and by Langhans in 1872 Perhaps the first important step 
in the elucidation of a problem nliich is still beset by man) difficulties 
was accomplished by Virchow vlien he established the independence of 
leukemia Shortly thereafter a further advance vas made by Cohn- 
iieim,® who, under the title of psendoleukemia,'* desciibed a case uhich 

*Froni the Pathological Laboratoiv of the New York Hospital 

1 Hodgkin Med Chir Ir , 1832 xvii, GS 

2 Wilks Gin’s Hosp Rep 1856, ii ISGa m 56 

3 Cohnheini Viichoii’s Aich f path Amt, 1865 \\\iii 451 

4 Cohiilieini has been ci edited -Hith the iiiti odiictioii of the term pseudo 
leiikemi'i as n sMioimn foi Hodgkin’s dnea-^e but as a niattei of fact he eni- 
olovecl it to de-eiibe a totallv dilTercnt affection and in Ins oiigiiial contribution 
did not once mention Hodgkin’s disease oi othei nise add to the confu<;ion of 

the subject 
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25ieseiited the essential anatomical ehaiacteiistics of leukemia witlioiu 
changes in the blood Giaduallj' other lesions weie eliminated fiom the 
geneial categoi}’’ of Hodgkin’s disease and weie nioie piopeily classified 
elsewheie, so that in late yeais Hodgkin’s disease appears to have been 
recognized as a definite histological entit}^, chaiacteiized by changes 
which resemble those of the infective grannlomata When fully devel- 
oped these changes consist in piolifeiation of endothelial and leticulai 
cells, the foiination of giant cells, and piogressive fibrosis, associated 
with vaiiable numbeis of Ijmiphocytes and, in many instances at least, 
vith plasma cells and eosinophiles, and were ably desciibed by Stein- 
beig'^ in a papei published under the title of Peculiar Poim of 
Tuberculosis of the L}mphatie System” Other students of the disease 
have subscribed to the view that these changes are tuberculous or that 
they partake of the nature of tuberculosis® Still otheis have denied 
the etiological relationship of the tubercle bacillus to Hodgkin’s disease, 
paitly because of negative results following the inoculation of animals 
and the admmistiation of tuberculin in the living subject, and paitlv 
because of repeated failures to demonstrate the tubercle bacillus in mi- 
cioscopical preparations of the organs involved 

Piactically all wiiteis on the subject of Hodgkin’s disease unite hi 
declaring that the process almost invaiiably commences in the ceivical oi 
m anatomically related l}mph nodes Peed' even goes so far as to 'state 
that ‘’‘‘ve know of no case where the pathological anatomy was described 
in sufficient detail to permit of a positive diagnosis, m ivliich the disease 
commenced elsewhere ” Lyon,® in Oslei's ^‘Modern Medicme ” states 
that there is no evidence that a piimaiy splenic fonn of Hodgkin'" 
disease exists Simmons,® on the other hand, reports two cases of Hoda- 
kin’s disease that apparently commenced m the letiopeiitoneal limph 
nodes, although no specific statement to tin's eflect is made In botli 
instances enlarged nodes ueie jnesent in tire neck In one case ‘a few 
small discrete glands were found in the posterioi ceiMcal triangle on 
both sides ” while the letiopeiitoneal nodes ioimed a ma"" about !(> 
cm 111 length and 7 cm in diametei In a "ecoud ca"e theie wa" i 
“disci ete lieely moiable gland in the light po"teiioi cenical triangle 


5 Stcinbcig Cenlialbl f clci Grcn7geb d Med u Clin 1890, n 
770 813, 847 

G Fciiaii and Cominotti Mien klin Riind«clnu 1900 \i' in'?! 

Kew Yoik Med Jour 1900 Kmi 445 See di-tn«ion of Longtojit - 

Peaice and l:^^mg li New Yo,k Pith *=00 1908 mii r>l 

7 Peed Johns ITopkina llo«p Pep 1902 \ 133 _ 

S La on O^lei a Modem Mcaluine ed 1 *’ 

9 Siniinon'J ,Toui Xled Poscarcb 1903 i\ 
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just above the clavicle^ the size of a hen's egg/’ and seveial smaller 
ones on the opposite side Theie iveie nninbeis of enlaiged nodes iii 
the abdomen, ranging m size fiom 2 to 7 cm In the lattei case, how- 
evez, ire are left in some doubt concerning the primaiy focus of the 
disease, since neither the clinical history nor the autopsy protocol is 
sufficiently specific to dispel the suspicion that the cervical involvement 
lias primary Longeope,^® hoivevei has adequately described a case of 
Hodgkin’s disease that originated in the retroperitoneal Ijmph nodes 
The patient ivas an emaciated man, 34 years of age, who, during life, 
presented signs of enlaigement of the spleen and a moderate degiee of 
anemia, together with elevation of temperature There were no en- 
larged nodes in the neck The skin and selerse iv'ere jaundiced At autopsy 
the retiopeiitoneal Ijnnph nodes were enlaiged and the common bile 
duct was snironnded and compressed by nodular masses Ijing just below 
the entrance of the cystic duct 

In the present communication I shall present the clinical and ana- 
tomical details of three cases of jniinary abdominal Hodgkin’s dis- 
ease one originating in the spleen, the other two commencing in the 
letiopeiitoneal lymph nodes At the same time I purpose to describe a 
remarkable case of pseudoleukemia in which piacticallj the entiie Ijmi- 
phoid apparatus, including that of the gastiointestinal tract, levealed the 
lesions of a generalized lymphomatosis and, in this connection, to em- 
phasize the distinction between pseudoleukemia and Hodgkin’s disease 

Hodgkin’s disease 

Case 1 — Pi unary Hodgkins disease of the spleen AI V, aged 18, single, 
coiset maker, Belgian Admitted to the Nen Yoik Hospital, June 1, 1908, died 
June 30, 1908 

Disfoiy—Tlw patient stated that three years before admission to the hospital 
she had passed several blood clots pei rectum At about the same time slie ob 
seired that there nas a mass in the abdomen Foi tuo or three 3 ears preriousl}, 
hovever, she had noted that the ciicumfeience of hei vaist vas increasing Foin 
months before enteiing the hospital she began to evpeiienee irregularly lecurnng 
chills alternating nith feier, sometimes two or three times in the couise of a 
day Latteily the ingestion of food has fiequently been followed b% romiting, at 
tended by genei aimed abdominal pains She neier noticed the presence of blood 
in the lomited matter During the month that the patient was undei obsenation 
the eiening tempeiature rose on seieial occasions to 100 F or 101 F 

Blood Count — 

Bed cells, 4,684,000 
White cells, 7,000 
Color index 0 74 

Bull Arer Clin Lab Penn=rhania Hosp , 1903, i 4 
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Differential Leucocyte Count — 

Polynuclear leucocytes, 85 per cent 
Small lymphocytes, 11 per cent 
Large Ijunphocytes, 4 per cent 

No malarial organisms uere detected in the patient’s blood 

Physical examination revealed a w ell-noui ished r\oman The area of splenic 
dulness extended fiom the seventh rib on the left side to a point three inches 
below the umbilicus The edge of the organ iias palpable 1 inch aboie Poupaits 
ligament on the left side whence it could be traced upvard and to the right 214 
inches beyond the umbilicus, thence diiectly upvard to the ensiform cartilage 
The supeificial lymph nodes vere not enlarged 

On June 29 Dr Hartley lemoied the spleen through a vertical incision in the 
left rectus muscle The patient died the follov mg day At the operation no en- 
larged abdominal nodes were observed No autopsv vas obtained 

Anatomical Deso iption — ^The specimen consisted of a spleen 25 cm in length, 
18 cm in breadth and about 8 cm in thickness The shape of the organ was veil 
pieseiied The capsule vas diffusely, but nioderatelv, thickened and the surface 
presented a diffusely giayish-ied color On section, the consistence of the organ 
vas considerably increased and yielded a fine giating sensation vlien crushed be- 
tveen the fingers The substance of the spleen vas grayish-ied in color and «cat- 
tered through it vere innumerable minute connectiie tissue strands The Mal- 
pighian bodies vere not risible The cut ends of the ressels appeared to be thick 
ened 

Tvo ec of an emulsion of the spleen in sterile bouillon vere injected into the 
peiitoneal canty of a guinea-pig vith negatne results 


Mtcioscopical Examination — The lymphoid follicles vere exceedingly few in 
number, not rery rich in cells, and diffusely outlined In most instances they were 
surrounded by delicate coiinectne tissue fibrils arranged somewhat concentncalh 
In the center of the follicles the remains of obliterated blood ressels were ap- 
parent and, in the immediate rieinity of thoec, the hmphoid cell= were densely 
packed At the periphery of the follicles the Ivmphoid cells were '>cantv in num 
her and loosely arranged and were graduallv lost in the interstices of the con- 
nectne tissue strands bv which the follicles were surrounded Between the fol- 
licles the substance of the organ was diffuselv permeated bv delicate connootne 
tissue fibrils, freqiientlv ai ranged in the form of slit-like npeitiires lined by endo 
thelial cells In the lining endothelium mitotic figures were occasionalh to bo 
seen !Most of the sinuses weie emptv, otheis weie partlv filled by endothelial 
and hanphoid cells and red blood coipuscles Lung in many of the sinu=es and 
almost 01 eonipletelv filling them were multinucleatcd giant cells which wore pro 
Mded with an abundance of pinkish homogeneous or finelv granular oitopla^m 
In some of the giant cells the nuclei weie small and fairly uniform in outline and 
lai heaped up in the center of the cell bodi In otheis the nuclei nricd in shape 
and size and in chromatic iicliness, and presented eiulences of fragmentation in 
the form of deep indentations These giant cells were ciidonth domed 
endothelium of the sinuses the nuclei apparenth attempting at fir-'t to ( 
kanokinesis and later resorting to a procc=s comparable to =imp]e fragnun i lon 
Eosiiiophilcs were iiiuisuallv abundant There weie no eiidonce-- of lucro-i 


This case lepiosents m m\ opinion an example of pnnnn Iforle- 
kins disease of the =pleen and i= lemaikahle from the standjwnit^oi 
oiicin onh I haie not been able to find an oxacih similar ci-c in t 
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hteratuie Donhausei^^ recentlj lias lepoited a case of splenomegaly 
occnriing m association with tuberculosis of the mesenteric l3niph 
nodes and sclerosis of the bone maiiow, in uhieh the micioscopical 
examination of the spleen bore a resemblance to that just described, in 
that there uas consideiable hj’peiplasia of the inteistitial connective tis- 



Fig 1 — Primary Hodgkins disease of the spleen, specimen fiom Case 1 A, 
giant cells, Ax, slions the eailj formation of giant cells, probably of endothelial 
oiigin B areas of fibrosis, C, eosinophiles, D, endothelial cells Diann nith 
Edinger’s appaiatns 


sue, together uitli atiopln of the follicles and an occasional multi- 
nueleated giant cell In addition honeiei the spleen presented to the 
naked eve numbeis of laige and small, ciicumsciibed, sphencal nodule^ 

Bull Aier Clin Lab Pennsjhania Hosp , 1908, i 4C 
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which, on inicioscopical examination, iieie found to represent islandi^ of 
hemopoietic tissue 

Case 2 — Pnmaiy Hodgkin’s disease of the retropei itoneal lymph nodes, sec 
oiidaiy giaiiulomatoiis lymphomata in the Inei. kidney, spleen and bone maiiow 
L G B, male, white, aged 31, admitted to the New Yoik Hospital Oetobei 19, 
died Oct 30, 1904 

EistOTy — The patient sought admission to the hospital because of piogiessi\e 
loss of flesh and strength He stated that his illness began fouiteen months be 
fore, iMth symptoms which led his physician to tieat him for malaria Two 
months before admission the patient’s abdomen began to enlaige Seven weeks 
later about two gallons of fluid weie withdiawn Dining the eleven days that 
the patient was undei obseivation the eiening tempeiatuie laned between 100 
and 101 F 

Physical evamination levealed maiked emaciation, with palloi of the visible 
mucous membianes The supeificial leins ovei the abdomen weie eiilaiged and 
the abdomen was distended by fluid 

Blood Count — 

Bed cells, 2,574,000 
Wlnte cells, 10,000 
Hemoglobin, 65 pei cent 

DilTerential Leucoejte Count — 

Polynucleai leucocytes, 84 per cent 
Small lymphocytes, 15 per cent 
Laige lymphocytes, 1 pei cent 

The supeificial lymph nodes were not palpable 

On October 20 the abdomen was opened by median ineision and 8 pints of cleai 
yellow fluid escaped Enlaiged glandulai masses neie obseived at the hiluin of 
the liver and in the gastiohepatic omentum Foui dajs latei the patient died 
aftci almost constant hiccoughs 

Ahhfeviaicd Aniopsy Ptoiocol — ^Inspection The body ms maikedp emaciated 
On opening the peiitoneum a small amount of fibrinous exudate nas found neai 
the loiiei end of the wound 

Chest Negative 

Spleen The spleen was sonienhat flattened between the stomach and the left 
latoial abdominal wall and nas nici eased to twice the noimal si/e The organ 
was leddish in coloi and modeiately firm in consistence Scatteied ovei the svir 
face weie a fen giayish bodies fioni 1 to 3 mm in diameter 

Kidnevs Swe inciea^ed Capsules not adheient, coitices thickened cortical 
maikings coaise and indistinct 

Lncr Deci eased in size i eddish in coloi firm in consistence The suifacc 
piesentcd seieial capsulai cieatiices fioin 0 75 cm to 125 cm in diameter The 
general surface vas iiicgulai On section the lobules vere indistinct and a fen 
gi ivish masses from 2 to 5 iiini in diametei weie found scattered tluougli the 
substance of the organ 

Stomach Stiong fibrous adhesions passed fiom the iindci surface of the lncr 
to the hepatic flexuic of the colon and to the stomach and fii't part of the duo 
dcnuiii The stomach shoned nothing unusual except that the pilorus vas slightly 
thickened Thcie vas no smrgcstion of a new growth The pilorus looked up 
wild and enteicd the concaiiti of a loop of intestine This appearance wa« due 
to dilatation of the fiist part of the duodenum owing parth to fihrous ,ulhe=ions 
to the Inei and piith to the j>res<nce of an enliigcd iMiip i node opposite tin 
head of the panel eas 
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Lyinpli Nodes The retiopentoneal Ijinpli nodes in the upper part of the ab 
domen formed a large, grayish mass made up of numbers of nodes -sarjing m size 
from 1 to 2 cm These nodes uere disciete and moderately firm in consistence 
Theie was a single enlaiged node in the lesser omentum that measuied 3 bv 1 5 
cm The mesenteric nodes piesented no notewoitliy naked eje changes 

Micioscopic Exwnunation — Spleen The noimal structuie of the spleen uas 
largely replaced by the oveigrowth of delicate connective tissue fibiils, scatteied 
thiough the interstices of which uere small nunibeis of lymphoid cells and nuniei- 
ous multinucleated giant cells, by laige masses of hyaline connective tissue sup 
poiting still largei numbers of giant cells of the same tjpe and b-^ aieas of 



Fig 2— Poition of laige intestine fiom ca=e of gastiomtestmal pseudoleu 
kernin'" (Case 4), shoving wide spiead Inperplasia of the lymphoid follicles 


anemic necrosis Eosinophiles veie entirelj wanting The lymphoid follicles were 

maikedlv ati opined j i 

Lymph Nodes Here, too, the noimal structuie was smiilaiL leplaced bv the 

ovei-rovvth of new tissue so that it was impossible to distinguish coitical follicles 
medtdlary coids oi Ivniph sinuses The fiamework of the node was 
interlaeinf' fibiils of connective tissue, among which were a few Ivoiiplioid and 
plasma cells and a laige nunibei of giant cells, some of which enclosed a ^ngle 
hirge nucleus, others multiple micki Eosinophiles were not found Aieas of 
neciosis Msible lieie find tlieie 
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Liver In the liver the normal architecture was irregularly replaced by 
masses of tissue corresponding in all essentials to those already described in the 
spleen and lymph nodes The mam features in the evolution of the new tissue 
which was destined to replace the liver parenchyma could be readily traced The 
earliest observable change consisted in the occurrence of small lymphomatous foci 
lying in the adventitia of the portal vessels These foci gradually increased in 
size and cellular richness, invaded the perilobular connective tissue and finally 
encroached on adjacent liver cells, pushing them aside and infiltrating the inter- 
columnar capillaries As the focus enlarged, minute connective tissue fibrils began 
to appear among the lymphoid cells and to form a supporting network for them, 
while large, oval or rounded cells with prominent vesicular nuclei and pinkish, 
finely granular cytoplasm could be oboerved here and there In some instances, 
these latter cells were provided with delicate cytoplasmic processes Eventually 
the liver lobules were invaded irregularly and replaced by masses of tissue made 
up of a delicately reticulated connective tissue network supporting large numbers 
of endothelioid and epithelioid cells and multinueleated giant cells In other in- 
stances the liver lobules were destroyed and transformed into enormous necrotic 
foci, in some of which large hemorrhagic extravasations were visible 

Kidney Microscopical examination revealed marked granular degeneration 
of the epithelium of the convoluted tubules and the presence of hyaline casts In 
the medulla, however, the picture was entirely diffeient Here the connective tis- 
sue supporting the blood vessels and straight tubules was richly infiltrated by 
lymphoid and plasma cells, the two varieties being present in about equal propor 
tions Among them were large numbers of typical multinueleated giant cells 
Bone Marrow The bone marrow revealed the presence of masoes of tissue 
that showed essentially the same structure as those already described in the 
spleen, liver and lymph nodes, that is, there were numbers of lymphoid, epithe- 
lioid and giant cells, enclosed in a network of connective tissue 

Aside from the fact that this case is an example of primary Hodg- 
kin’s disease of the retroperitoneal lymph nodes without cervical involve- 
ment, it IS interesting from the standpoint of the histogenesis of the 
secondary visceral lesions, since the changes described in the liver indi- 
cate that the granulomatous masses are repiesented pnmaiily by col- 
lections of lymphoid cells and that the other changes are sequential In 
this connection another observation may be of interest For example, 
a boy 16 years of age, presented himself at the Hew York Hospital in 
1907, complaining of an enormous mass on the right side of the neck 
A piece was excised for microscopical examination and was found to 
present the characteristic granulomatous lesions of Hodgkin’s disease A 
year later the boy returned to the hospital and a small Ijrniph node was 
removed from the edge of the original growth On microscopical exam- 
ination this was found to present no changes on winch the diagnosis 
of Hodgkin’s disease could be based On the contrary, the node pre- 
sented the changes incident to diffuse lymphoid hyperplasia with pro- 
liferation of the cortical follicles This tends to suppoit the assumption 
tliat in the lymph nodes the initial manifestation of Hodgkin’s disease 
consists in diffuse hyperplasia of the tymphoid cells, and that exhaustiou 
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of these cells is accompanied or followed by connective tissue replace- 
ment and the other characteristic changes of the granulomatous lesion^ 
to which reference has already been made 

The histological observations ^nst mentioned are in accord with 
Longcope’s conclusion’-® that Hodgkin’s disease is conceived in hyper- 
plasia of lymphoid cells , that lymph nodes are being constantly regen- 
erated in the course of the disease, and that these structures ultimately 
become the seat of granulomatous changes 

Case 3 — Primary Hodgkin’s disease of the lymph nodes at the hilum of the 
liver E W, Hebrew, single, aged 20, admitted to the New York Hospital 
April 25, 1908, discharged June 1, 1908 

History — On entering the hospital the patient stated that six weeks pre 
viously he began to experience sharp, lancinating pains in the right upper 
quadrant of the abdomen These pains, although fairly constant, were worse at 
night and interfered with sleep They continued for two weeks and then disap 
peared entirely, only to return foui weeks later, when he sought admission to 
the hospital 

Physical examination revealed a poorly nourished boy, whose visible mucous 
membranes were blanched The conjunctivse veie faintly jaundiced There was 
slight bulging in the lower part of the chest on the right side in front, and some 
tenderness and muscular rigidity in the right upper quadrant of the abdomen 
A rounded mass was palpated 3 cm below the right costal margin and 1 era 
below the edge of the liver, which was likewise felt The mass appeared smooth 
to the touch and moved with respiration No pain was experienced by the pa- 
tient when the right costal margin was forcibly depressed Tlie spleen was not 
felt Tlie superficial lymph nodes were not enlarged During the five ueeks that 
the patient was under observation the evening temperature uas practically 
always from 100 to 102 F 

Blood Count — 

White cells, 7,800 
Hemoglobin, 80 per cent 

Differential Leucocyte Count — 

Polynuclear leucocytes, 70 per cent 
Small lymphocjtes, 22 per cent 
Large lymphocytes, 7 pei cent 
Eosinophiles, 1 pei cent 

The urine yas negative, except for the presence of urobilin 

The patient was transferred to the suigical side and operated on by Dr John- 
son An incision 5 inches in length nas made through the right rectus muscle 
On opening the peritoneum a solid o\oidal mass about the size of a grapefruit 
nas found pi ejecting beneath the liver It was not attached to the liaer, gall 
bladder adrenal or kidney, but rested m a bed beneath the liier The masi vas 
remoi ed 

The surgical uound healed well and the patient eventually was referred to 
the Convalescent Home at Wliite Plains 

Anatomical Description — The specimen consisted of a large, lieaiv, oioidal 
mass, 14 cm in length and about 10 cm in diameter It was covered hv a looeely 
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-adiierent conneethe , tissue slieath, luumng through uhich weie several laige 
lenous channels The mass uas leiy film in consistence, faintly yellouish or 
creani-coloied, and the surface uas smooth On section it cut firmly and the cut 
suiface presented a yellouish translucent appearance and ivas faintly undulating 
Scatteied over the cut surface, at i emote inteiials, "weie small hemorrhagic 
areas, together -with aggregations of pin-point-sized, rounded, yelloivish ele^atlons, 
separated from one another by delicate depiessions Running over the cut suiface 
in different directions nere coarse, pale, glistening, connective tissue bands 

M'lci oscopical Exavnnaii07i — ^Numerous sections were prepared from differ- 
ent parts of the mass It -svas found that the stiueture of the lymph node was 
not recognizable, but had been replaced bv the growth of dense bands of hyaline 
connective tissue enclosmg cellular islands of vaiious shapes and sizes The pic- 
ture was further confused bv the presence of large neciotic foci and hemorrhagic 
extiavasations In the connectne tissue hands uere a feu scattered Ivmphoid 
cells, multinucleated giant cells and collections of eosinophiles The more cellular 
aieas differed somewhat from one anothei in composition In practically eveiy 
instance, bower er, cells of the fibioblastic tvpe were so disposed as to form a moie 

01 less coaisely reticulated hyaline netuork supported in the meshes of which 
weie raiiable numbers of lymphoid cells eosinophiles and multinucleated giant 
cells, togethei with enormous numbeis of large flattened cells with large richly 
chiomatic nuclei These were evidently endothelial cells and the piogenitors of 
the multinucleated giant cells In sereial instances dense hyaline connective tis- 
sue bands were seen, which enclosed reiv small islands of tissue that bore a re- 
semblance to tubercles, in that they were composed of somewhat concentrically 
arianged coimective tissue fibrillre with cytoplasmic processes which intercom- 
municated or weie fused together thus forming a network in which uere num- 
bers of Ivmphoid cells Lying at the center, in most of these tubercle-like struc- 
tures was a single giant cell with hyaline cell body and multiple nucleai frag- 
ments heaped up in the center and proiided at its periphery with delicate fila- 
mentous processes Tliese giant cells were sui rounded bv a clear space bridged 
ovei at intervals by the filamentous processes just referred to Ko tubercle 
bacilli were found in these localities nor, in fact in any other 

Immediately on receipt of the specimen from the operating room frozen sec- 
tions were made and the diagnosis of Hodgkin s disease was established An 
emulsion from the original mass was then made in sterile bouillon, and of this 

2 c c were injected into the peritoneal cavitv of a guinea-pig The results were 
negative 

In tins case we are provided with still another example of priman 
abdominal Hodgkin’s disease, manifested clinically by a large tiimor- 
like mass, originating, probably, in the l}Taph nodes at the hilum of 
the liver In additaon to its interesting anatomical and histological fea- 
tures the case is instructive from the standpomt of the surgeon 

PSEUDOnnUKEXIIA 

Shortlj' after Yirchow described leukemia, Cohnlieiim recorded a 
case which piesented similar anatomical chaiacteristics without changes 
in the blood Foi this disease he suggested the name of pseudo- 
leukemia The patient was a man, aged 21, who suffered from anorexia. 



228 


HODGKIN’S DISEASE AND PSEUDOLEUKEMIA 


■vomitiDg and repeatad attacks of epistasis The leucocytes were con- 
siderably diminislied in niiinber and no abnormal forms were present 
At antopsy the spleen was greatly increased in size, measuring 10 by 
7 by 3 5 inches, and presented mnumeiable hyperplastic lyunphoid folli- 
cles The liver was increased in size and, on microscopical examination, 
disclosed the presence of lymphomatous foci in the neighborhood of the 
portal vessels The kidneys were enormously enlarged and, on micro- 
scopical examination, the interstitial tissues were found to be richly 
infiltrated by lymphoid cells The cervical, inguinal and retroperi- 
toneal lymph nodes were hyperplastic The gastrointestinal tract pre- 
sented no noteworthy changes 

h^early thirty years before the appearance of Cohnheim s paper, how- 
ever, Briquet^^ had pictured a peculiar disease characterized by exten- 
sive hyperplasia of the lymphoid tissues in the gastrointestinal tract, 
and since then a few similar eases have been added to the literature 
These also are undoubtedly examples of pseudoleulcemia and will be 
touched in more detail later 

A case of this description recently came under observation at the 
ISTew York Hospital and its clinical and anatomical features are pre- 
sented below in some detail 

Case 4 — Gastrointestinal pseudoleukemia J 51 S, white, aged 42, single, 
porter Admitted to the New York Hospital June 24, 190S, discharged June 26, 
1908 Eeadmitted Dec 31, 1908, died Jan 1, 1909 

History — One year before the date of the patient s first admission to the hos 
pital he noticed a painless swelling on the left side of the neck It gradually in- 
creased in size and was followed six months later hy the appearance of a similar 
mass on the opposite side Tliree months later the patient began to have three or 
four stools daily The stools were wateiy and defecation was painless In the 
course of the next three months the stools increased to fifteen or twenty daity, 
and at the end of this time the p ilient sought admission to the hospital because 
of loss of strength and flesh 

Physical examination revealed a poorly nourished adult male The visible 
mucous membranes were pale, the teeth in poor condition, the gums infiltrated by 
pus Both tonsils were enlarged, especially the left In the left anterior triangle 
of the neck were two glandular enlargements, each the size of a large walnut 
In the left posterior triangle was an enlarged gland the sire of a hazel nut A 
mass of about the same size was present beneath the angle of the lower jaw on 
the ii"ht side A number of smaller nodules was present on both sides of the 
neck Bin<T between the larger ones just described The subclavicular nodes on 
both' sides” were palpable The axillary nodes were enlarged to the size of mar- 
bles All of the nodes were painless, discrete and freely movable 

Blood Count — 

Bed cells, 5,240,000 
Wliite cells, 11,000 
Hemoglobin, SO per cent 
Color index, 0 8 


12 Briquet Cuveilhier s Atlas, 1835-42, ii, 34 
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Diffeiential Leucocyte Count — 

Polynuclear leucocytes, 72 per cent 
Small lymphocytes, 24 pei cent 
Large lymphocytes, 3 per cent 
Eosinophiles, 1 per cent 

The patient s temperature on admission at 3 p m was 99 F , normal there- 
aftei Examination of the stools revealed the presence of blood The mine was 
negative At the end of forty eight hours the patient was discharged at his own 
request 

About midnight of Dec 31, 1908, the patient was admitted to the hospital in 
extiemis, presenting the classical signs of acute peritonitis He died a few hours 
later so that it was not possible to obtain any information concerning his condi- 
tion during the six months which had elapsed since he came first under observa- 
tion A blood examination at this time revealed a leucoeytosis of 14,400 and a 
preponderance of polynuclear leucocytes It is also interesting to note that just 
before death digital examination of the rectum was made by one of the house 
surgeons and numerous small nodules were felt scattered through the mucous 
membrane 

Abbreviated Autopsy Protocol — ^The autopsy was performed four and a half 
hours postmortem 

Inspection The body was that of a man 42 years of age, 170 cm in height, 
of laige, well-developed frame, poor musculature and nutiition The skin and 
visible mucous membranes were very pale In the region of the left parotid gland 
and extending downward into the neck was a globulai swelling, half again as 
large as a hen’s egg This lay immediately beneath the skin, was elastic to the 
touch and freely movable Tliere was a similar but somewhat smaller mass just 
below the angle of the jaw on the right side Beneath the skin covering the front 
of the chest were a few masses of like description, the largest of which was flat- 
tened and about the size and shape of the thumb nail The skin over the anterior 
chest and over the lower aspect of both legs presented a number of pin-head-sized, 
hemorrhagic petechue 

Peritoneum The abdomen contained a large quantity of cloudy fluid in which 
were numbers of gelatinous clots The peritoneum was opaque and irregularly 
coveied by fibrinous exudate The intestinal loops were frequently matted to- 
gether by fibrinous material, beneath which the serosa was opaque and irregularly 
injected 

Lungs Emphysematous, otherwise entirely negative 

Spleen The spleen measured 15 by 10 by 5 cm Tlie shape was well pre 
served Seen through the capsule it presented a grayish-red color Tlie capsule 
nas thin and tense On section the organ cut firmly The cut surface was pink 
isli in color Scattered over the cut surface vere innumerable large and small, 
loiinded or irregularly outlined, pale, translucent bodies These were arranged in 
close proximity to one another and the scanty amount of tissue between them 
vas opaque and pinkish, thus the cut surface presented a coarsely speckled ap- 
pearance Some of the larger translucent bodies were intersected by delicate red- 
dish lines The consistence of the oigan was noticeably increased, imparting a 
fine grating sensation nhen crushed between the fingers Lying at the hilum 
Mere a half dozen lymph nodes, the largest of which measured 4 cm in length 
and 1 cm in thickness The nodes were pale discrete and elastic to the 
On section, the cut surface uas pale and sprinkled oier with minute led isi 
points, thus giving the vliole a nnely mottled appeal aiice 

Adrenals and Semilunar Ganglia Kegatne 
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Kidneys These organs neie considerably increased in size and presented the 
characteristic naked eye appearance of an acute diffuse hemorrhagic nephritis 

Lner, Gall Bladder, Pancreas, XJrmaiy Bladder, Abdominal and Thoracic 
Aortas, Prostate, Testicles and Ureteis Presented no noteworthy naked eye 
changes 

Bone Mariow The mairoiv of the I'ertebias was diffusely bluioh-red in color 

Lymphoid Appaiatus The tongue, larynx, esophagus, thyroid gland, stomach, 
panel eas and liver were removed en viasse, together with numbeis of enlarged 
Ijrniph nodes from the lateral region of the jaw on both sides and from the neck, 
thorax and abdomen The tongue presented moderate numbeis of hyperplastic 
lymphoid follicles at the base Large numbers of tumor-like masses weie re- 
moved from the region of the left parotid gland, from beneath the angle of the 
lower jaw on the right side, from the sides of the neck, esophagus and trachea as 
low down as the bifurcation of the latter The peribronchial Ivmph nodes weie 
maikedlv enlarged and faintly anthracotic In these several situations the size 
of the individual nodes varied from that of a pea to a hen’s egg Many of the 
smaller nodes were entirely discrete In other instances large numbeis of nodes 
of vaarying dimensions vv^ere clustered to form masses the size of a child’s fist 
Tins was specially true of the upper cervical region Each node was enclosed in a 
definite connective tissue eapoule vhieh served to separate one fiom the other 
On section, the nodules were moderately firm in consistence and presented a 
smooth, pale or faintly pinkish, homogeneous, glistening surface, intersected at the 
periphery, in occasional instances by coarse ■jellowish lines derived from the cap 
sule In many of the nodules minute reddish points could he seen here andtheie 
or faint reddish lines were vusible running across the cut surface The mesenteiv 
was enormously thickened through the presenee in it of dozens of pale, rounded 
masses each enclosed in a connectiv'e tissue capsule which separated them from 
each other and from the peritoneal covering of the mesentery These nodes 
varied in size fiom a small marble to a crab apple and, on section, presented 
essentially the same naked eye appearance as those elsewhere described At the 
hilum of the spleen were small numbers of enlarged, discrete lymph nodes The 
pancreas was literallv' embedded in enlarged nodes, many of which were entiiely 
discrete 

Stomach The walls of the stomach were greatly thickened The rugx were 
unusually numerous and very prominent Between them the mucous membrane 
presented vast numbers of pale, opaque, nodular masses, separated fiom one an 
other by shallow crypts In the pvloiic region these nodules were still more 
numerous and prominent, where they appeared as discrete, rounded oi conical, 
closelv' apposed elevations about 0 5 cm in height On section, they appeared to 
be limited to the mucosa and presented a pale, homogeneous surface 

Intestine The walls of the intestine throughout were greatly thickened The 
lumen of the intestine was large, the mucous membrane pale or cream colored 
Scattered through it, from the pyloiic end of the stomach to the anus, weie 
myriads of nodular masses of different sizes These were arranged m such clo«e 
proximity to one another that the intervening raucous membrane was scarcely 
visible In the mucous membrane of the duodenum immense numbers of small, 
rounded nodules were sepaiated from one another bv small sheets of tissue made 
up of pm head-sized follicles In the jejunum the rugai were exceedingly large 
Distributed through the mucous membrane, Iving partly along the summit of the 
ruga: and thickly dispersed through the mucosa betvv een the ruga:, vv ere hundreds 
of 'pale, nodular projections, varving from the size of the head of a pm to that of 
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a laige pea For tlie gieatei part these bodies ivere conical m shape and rested 
upon a broad base embedded in the mucous surface of the intestine, a few weie 
attached by delicate pedicles and hung fiee in the lumen Here and there these 
nodules weie aggregated to form cauliflower-like excrescences fiom 2 to 4 mm in 
height Essentially the same general description applies to the mucous mem- 
brane of the ileum throughout its entire extent, except that the cauliflower-like 
excrescences were even more numeious, and hyperplastic Peyei’s patches came 
into vieu These lattei bodies weie present to the number of a dozen or more 
and were loughly quadiangulai in outline and from 2 to 7 cm in length and 2 
to 4 mm in height Tlie mucous membrane of the cecum presented a cream- 
colored, velvety appearance and was thrown into massive folds that were ar- 
ranged more or less concentrically At the commencement of the ascending colon 
vas a pedunculated mass, 4 cm in height, the surface of which was travel sed 
by a few shallow furrows The mucous membiane covering the mass was smooth 
and slate-colored On section the cut surface of the mass was pinkish in color 
and smooth In the mucous membrane of the laige intestine, from the ileocecal 
valve to the anus, were literally thousands of closely aggregated, pale, rounded, 
nodular projections, varying in size from a millet-seed to a split pea Many of 
them presented small crater-like depiessions at the summit In this part of the 
intestine the transverse folds of the mucous membrane were enormous and were 
capped by numbers of lounded nodules, many of which were deeply pigmented 
The nodules lying in the mucous membrane between the folds weie pale and 
thickly set together, so that the contrast between the lug® and the intervening 
suifaee was veiy striking 

Anatomical Diagnosis — Chionie sclerotic localized pericarditis, brown atrophy 
of heart, emphysema, lymphoid hyperplasia of spleen, chronic interstitial sple- 
nitis, acute diffuse exudative hemorrhagic nephritis, multiple angiomata of liver, 
stasis, acute diffuse purulent peritonitis, lymphoid hyperplasia at the base of 
the tongue, lymphomatosis of the cervical, thoracic and abdominal lymph nodes 
and of the gastrointestinal tract ( pseudoleukemia ) 

Mici oscopical Examination — Spleen The lymphoid follicles were unusually 

numerous and varied in size within considerable limits Most of them, however, 
were distinctly increased in size, rich in cells and definitely encircled by bands of 
delicately fibrillar connective tissue, enclosing within its meshes moderate num- 
beis of lymphoid cells In other instances the follicles weie ii regularly inter- 
sected by trabeculie of fibrillar connective tissue that served to divide them into 
cellular islands of variable shapes and sizes In still other places the follicles 
were very small and nere suriounded by masses of loosely arranged connective 
tissue, that appeared to be closing in equally on all sides, thus tending to replace 
the follicle as a whole That sucn a replacement was eventually effected at times 
was evidenced by the fact that here and there were rounded islands of tissue made 
up of a rather coarsely reticulated network, supporting focal collections of 
lymphoid cells In still other instances the follicles were invaded and partially 
replaced by masses of connective tissue, supporting considerable numbers of slit- 
like apertures that were filled by red blood corpuscles The vessels of the fol- 
licles practically everyivhere were thickened and hyaline in appearance and their 
lumina were partially or completely obliterated Between the various follie es 
the splenic pulp was extensively replaced by a delicate interlacement of com 
nective tissue fibrillie The interstices between the indnidual fibrils containe 
considerable numbers of lymphoid cells, others were filled by red cells i *^ 11 ^ 
nective tissues also supported numerous small sinuses lined by endothe la ce s 
Most of these sinuses neie occupied by lymphoid cells, others by re 00 
corpuscles 



Tabuiak Presentation of Cases of Gastrointestinal Pseudoleukemia 
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HODGEIK S DISEASE AUD PSEUDOLEUEEIIIA 


Li^er The only noteworthy microscopical change in the liver consisted in the 
oeciirience of numbers of small, richly cellular lymphomatous foci, lying in the 
connective tissues of the periportal spaces and piohahly denied from the outer 
sheath of the portal imins 

Kidneys The micioscopical changes corresponded to those usually found m 
acute diffuse liemoirhagic nephritis 

Lymph Nodes Numbers of microscopical preparations of nodes reinoied 
from various parts of the body were examined All of them showed essentially 
the same changes The normal architecture of the node was maikedly altered, so 
that the distinction between cortex and medulla was entirely lost Neither lymph 
follicles nor sinuses were distinguishable The node Mas surrounded by a mod- 
erately thick connective tissue capsule thiough which small numbers of lymphoid 
cells were dispersed Connective tissue trabeeulse, derived from the capsule, pene- 
trated the node at different intervals and divided the substance of the organ into 
large, densely cellular islands of Ivmphoid tissue Among the lymphoid cells 
were moderate numbers of large rounded cells with abundant pinkish ejtoplasm 
These cells iveie provided with a single large rounded or indented nucleus oi, in 
some instances, with two or three nuclei The connects e tissue trabeculre neie 
broad and made up of exceedingly delicate, loosely woien fibrils spiinkled 
through the meshes of which were relatively small numbers of lymphoid cells 
The connect!! e tissue bands were dispersed through the substance of the node in 
a more or less regular fashion, and their pale, non cellular appeapnce formed a 
striking contrast to the large, densely cellular lymphoid islands around which 
they were disposed Microscopical examination of the discrete nodes described 
m the protocol as reddish in color or faintly speckled reiealed a slightly modified 
picture In these nodes large, densely packed masses of lymphoid cells weie sepa- 
rated fiom one another by thin bands of coarsely reticulated connective tissue 
supporting numerous deeply injected vascular channels vutli thick, hj aline vails 

Intestine Sections removed for microscopical examinations fiom the nodular 
areas in different parts of the intestine disclosed the presence of enormous 
lymphoid collections occupying the mucosa and submucosa, replacing and almost 
completely destroying the glandular elements Arranged around the periphery of 
the individual nodules were numbers of small, circumscribed, richly cellular 
lymphoid foci that stood out in strong contrast to the interior or medullaiy sub 
stance, which was composed of loosely ai ranged, diffusely distributed lymphoid 
cells 

This case is interesting from seyeral standpoints In the first place, 
it presents ceitain clinical features that are suggestive of Hodgkin’s 
disease, in that the initial visible manifestations of the process occurred 
in the cervical legion in the form of slonl}' progressive glandular enlarge- 
ments that were discrete, painless and freely movable beneath the slan 
These uere accompanied by advancing asthenia and cachexia and by 
the blood picture that is usually found in Hodgkin’s disease, in fact, 
in the absence of a microscopical examination of the glandular masses 
during life, the case vas actually regarded as one of Hodgkin s disease- 
Death occurred after the lapse of eighteen months and the anatomical 
distribution and naked-e5e appearances of the enlarged glands fulfilled 
tlie requirements of Hodgkin’s disease as seen at autopsy Tlie vide- 
spread lymphoid hj'perplasia in the gastrointestinal tract, houeier, stood 
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out m marked contrast to all the known lesions of Hodgkin^s disease 
The absence of changes in the blood and of lenkemic infiltiation of the 
viscera served, among other things, to distingaisli the disease at once 
from true leukemia It lemamed, however, to classify the case with 
regard to its relation to pseudoleukemia as conceived by Cohnlieim, and 
to the changes described by Steinbeig as a peculiai form of lymphatic 
tuberculosis and later described in this country by Beed as a non-tubei- 
culoub lesion forming the sole histological basis of the clinical entity 
known as Hodgkin’s disease In this connection I think it has been 
made cleai fiom the desciiption of the histological changes that the 
case belongs in the former category and that it probably bears no rela- 
tionship to Hodgkin’s disease 

This ease, too, vhile notewortlij', is not unique Thus, in an exten- 
sive review of the liteiature. Wells and Mavei^® were able to collect 
reports of seven cases of gastrointestinal pseudoleukemia in which the 
changes in the l 3 mphoid tissues were no less reniaikable than those ^ust 
desciibed These observers added another case, and recently Hotfmann^'^ 
and Cellei^'* have each repoited a case, so that the one descnbed in 
the piesent paper bungs the total number to eleven I have attemptea 
to collate the chief points of inteiest in all these cases and to present 
them in the accompanying table 

AlTALTSIS OF TABLE 

While the number of cases of gastrointestinal pseudoleukemia avail- 
able foi analysis is not sufficient to warrant general deductions, several 
interesting points of similarit}^ are apparent 

Eight of the eleven cases occurred in males, the youngest subject 
being 41 years of age, the oldest 62 

In spite of the extensive anatomical alterations in the stomach and 
intestines, definite clinical symptoms lefeiable to these changes are 
recorded in five instances onl}’^ Thus, in Stoerck’s case, there was a 
historv of diarihea alternating with constipation, of bloody stools and 
abdominal pain In Hoffman’s” case the patient complained of peisistent 
diaiihea and vomited occasional!}' In my own case there was a history 
of prolonged and severe diarrhea attended by blood in the stools In 
Wells and Majer’s ease theie is an indefinite reference to digestive dis- 
tuibances In tv o eases intussusception occurred 

13 Wells and layer Am Jour Med Sc, 1904, txxvni, S37 

14 Hoffman Aieli f klin Clnr 1907 IxxMi, 794 

15 Celler Tr Hew York Path Soe , 190S, vni, 14S 
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HODaiUN’S DISEASE AND PSEUDOLEUKEMIA 

The anatomical picture, however, is moie umform In practicallj 
every case the superficial 'lymphoid structures were more or less en- 
larged Thus the faucial and lingual tonsils weie enlarged in fiie cases, 
while hyperplasia of the superficial Ijmiph nodes was almost constant, 
especially in the cervical region, being absent in one case only The 
spleen was enlarged in eight instances, depending, appaiently, on hyper- 
plasia of the lymphoid follicles In 4 cases small lymphomatous foci 
were present in the interlobular connective tissue of the liver 

In the gastrointestinal tract the changes varied both in extent and 
location Great thickening of the walls of the stomach was practically 
constant and in most instances the mucous membrane was thrown into 
massive vermiform folds Between the folds the lymphoid tissues were 
markedly hyperplastic, appealing as nodular masses or as polypoid pro- 
jections In the intestine the duodenum presented more or less marked 
evidence of lymphoid hyperplasia in seven cases Similar but more ex- 
tensive changes were constant in the jejunum, where polypoid masses 
frequently weie encountered Widespread hjqierplasia of Peyer’s patches 
was a constant feature In four instances the appendix was markedh 
thickened In two cases the mucous membrane of the cecum was thrown 
into large sinuous folds Lymphoid hyperplasia of the follicles in the 
large intestine was present in nine cases, most often in the form of dis- 
crete nodules, but sometimes in the form of polypoid outgrowths In 
nine instances the abdominal lymph nodes were enlarged, sometimes to 
an enormous extent 


SUMMARY AND CONCLUSIONS 

1 Whether Sternberg be correct in his contention that the changes 
in Hodgkin’s disease are tuberculous is a problem with which this papei 
IS not directly concerned, but, in view of the doubtful etiologj" of the 
disease and the several synonjons which have been incorrectly applied, 
it seems desiiable, in the light of the specific histologj'^ which has been 
established foi the process, to com some term which will describe ito 
micioseopical peculiarities and serve, at the same time, to distinguish 
the disease from pseudoleukemia and other lesions with vhicli it has 
been confounded For these purposes the term "Hodgkin’s granulo- 
matous lymphoma” appears to be suitable, since it designates the i^ye 
of Tissue in which the disease commences, the initial changes by uliich 
it IS characterized, and the secondarj^ changes that occur in the course 
of it"? development, vhile it reserves to Hodgkin the recognition that is 
due him At all events, it is scarcely justifiable to eraplo} the term 
‘ pseudoleukemia ’ as a sjnonym for ^Hodgkins disease ’ since the Uo 
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processes, ■\\hen fully developed, are readily separable and present totally 
different histological alterations 

2 From the histological features described in the spleen in the case 
first presented I think it is shown that there is a primary splenic form 
of Hodgkm’s disease, while Cases 2 and 3 serve to emphasize the fact 
that the abdominal Ijnnph nodes may be the seat of origin 

3 The histogenesis of Hodgkin’s disease, both in the lymphatic sys- 
tem pioper and in the viscera, appears to be conceived in the formation 
of lymphomatous foci, while the characteristic granulomatous changes 
are sequential 

In conclusion I wish to acknowledge my gratitude to Dr Harrison 
S Martland, pathologist to the Hewark City Hospital, for the drawing 
in the case of primary splenic Hodgkin’s disease and to Dr Charles B 
Farr for the photograph of the intestine in the case of pseudoleukemia. 

7 West ^Fifteenth Street 
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SPHYGMOGEAPHIC STUDY OP A CASE OF COMPLETE 

HEAET-BLOCK 

A COls TEIBUriOiSr TO THE STUDY OF THE ACTION OF STROPHANTHUS ON 

THE HUJilAN HEART ‘ 

GEORGE BACHjMANN-, MD 

PHIL.\^DEI,PH1A 

One of the most interesting of the disturbances of cardiac function 
IS the one known as heart-hloekj a condition in which the anriculai and 
ventiiculai rhythms are dissociated and in which a most notable infie- 
quencj'’ of the pulse is usually obseived The experimental work of 
Hiimblet^’^ Heiing/ and of Erlangei'’ on the atiioventricular bundle of 
His and the concomitant observation that heart-block may occur spon- 
taneously in man have so stimulated the study of bradycardia that, 
within a few years, a i datively laige number of cases presenting the 
phenomenon of auriculoventiicnlar dissociation has been reported Dis- 
sociation of the contractions of amides and ventiicles is most often 
found in patients sutleiing from the Adams-Stokes syndrome There 
have been, however, a few undoubted cases exhibiting the symptom-com- 
plex of permanent brad3^cardia in association with simcopal oi epilcpti- 
foim attack®, in uhich the condition of am iculo ventiiculai dissociation 
could be definitel}'’ excluded (Lepine^) On the other hand, heart-block, 
eithei complete oi incomplete, has been found in cases in which theie 
ueie at no time anv of the nervous phenomena vlnch characterize the 

■"From the laboratories of the Jefferson Medical College Hospital 

1 Humblet Le faisceau intei auiiciilo ^entllculalre constitue Ic hen pin si 
ologique entre les oreillettes et les lentricules du cceur du chien Arch internat 
de plnsiol, 1904, i 278, 1906, in, 330 

2 Hering, H E Ucbei die Ei regungsleitung zwischen Vorkainmer iind 
Kammer des S iiigetierherzens Arch f d ges Physiol , Bonn, 1905, cvii, 97 

Nachweis, dass das His’sche Uebergangshundel Vorhof nnd Ivani 

nier des S lugetieiherzens functioiiell ■verbiiidet Zweite Mitteilung Ibid, 1905, 
CMii, 267 

3 Eilangei, J The plnsiologj”^ of heart-block in maninnls with especial ref 
erence to the causation of Stokes Adams disease Jour E\per Jled , 1905, mi, 
670, 1900, Mil, 8 

4 LCpinc. R Sur un cas do sj ndrome d’Adams Stokes sans blocagc Seinainc 
mCd, 1907, xxMi, 001 003 
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Adams-Stokes syndrome ( Mackenzie, “ Joachim,® Gerhardt,"^ James,® 
Chauffard,® Gibson,^® Jellinek and Cooper,^^ Bachmann^-) Heart- 
block, of a transitory character, may also be obseived m digitalis poi- 
soning 

The observations recorded in the present paper weie made on the 
patient presenting the Adams-Stokes symptom-complex whose clinical his- 
tory will be reported by Dr Kalteyer later 
The notably infrequent pulse and the presence of relatively frequent 
faint fluttering pulsations at the root of the neck made one suspect the 
cause of the bradycaidia to be dissociation in the action of auricles and 
ventricles The movements of the apex beat, carotid and jugular pulses 
were accordingly recoided in older to decide this question 



7 nvJJoiu 


Tig 1 — Simultaneous tracings of pulsations in the right internal jugulai 
vein, carotid artery and of the apex-beat (Dec 30, 1908) 


Figure 1 IS one of the tracings obtained during the first days of the 
patient’s stay in the hospital This tracing shows that the ventnculai 
contractions were infiequent and regular, and that each of these was 


5 Mackenzie, J The cause of heart irregularity in influenza Bnt Med 

Jour, 1902, 11 , 1411 « 

6 Joachim, G Das Verhalten des hnken Voihofes bei der Stoiung der Eeiz 
leitung Ztschr f klin Med , 1907, Ixiv, 95 

7 Gerhardt, D Beitrag zur Lehre vom Pulsus intermittens und von der 
paroxysmalen Bradycardie Arch f exper Pathol u Phaimakol , 1904, li, 11 

8 James, W B A clinical study of some arihythmias of the heart Am 
Jour Med Sc , 1908, cxxxvi, 469 

9 ChauflTard Bradycardie asystolique Eev g4n de dm et de tlienp , 


1907, XXI, 437 
10 Gibson, G A 


A discussion on some aspects of heart-block Bnt jMed 


Joui , 1906, 11 , 1113 , nf 

11 Jelhnek, E 0 , and Cooper, C M Report, uith comment ^ ^ 

heait-block, Avitli tracings, and one postmortem examination o le 


Med Jour , 1908, i, i96 •, i tT-ifl*niit ‘?%ncopal 

12 Bachmann, G Complete auriculoaentncular dissociation ivithoi .. P 

or epileptiform attacks Am Jour Med Sc, 1909, cxxxmi, 
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followed by a carotid pulsation^ the auricular contractions (a), as 
reflected in the jugular pulsations, were from two to three times as 
frequent as the ventricular contractions The auricles and ventricles 
exhibited, therefore, a different rhythm, each rhythm, moreover, bear- 
ing no definite relations to the other In othei words, the ventricular 
contractions were absolutely independent of the auricular contractions, 
and the notable bradycardia observed in the patient was due to the fail- 
ure on the pait of the auricles to excite the ventricles to contraction 
There was, therefore, a complete block to the passage of the excitation 
wave from the auricles to the ventricles, and the latter were beating by 
virtue of their own power of rhythmic stimulus-production 

The ventricular and auricular rates of contraction during the first 
days the patient was under observation are given in Table 1 






Fig 2 — Tracing shov mg a well marked “sinus wave ” This wave, attributed 
to the contraction of the mouth of the precava, is marked by an X (Dec 31, 
1908) 


Tablk 1 


Oct 

Date 

27, 

1908 

No of 
Vs 

13 

Duiation 
m 1/10 
sec 

20G 

No of Vs 
per nun 

37 86 

No of As 
34 

Duration 
in 1/10 
sec 

238 

No of As 
per nun 

85 71 

As Vs 
2 20 1 

Oct 

28, 

1908 

23 

411 

33 57 

53 

424 

75 

2 23 1 

Oct 

30, 

1908 

19 

352 

32 38 

44 

359 

73 53 

2 27 1 

Oct 

30, 

1908 

18 

349 

31 3 

43 

3G4 

70 87 

2 2G 1 

Oct 

30, 

1908 

15 

283 

318 

38 

313 

72 84 

2 29 1 

A^ ernge 





33 38 

— 


75 59 

2 2G 1 


A closer analysis of the tracing (Pig 1), vhich may be used as a 
tjpe, shous m the lecoid of the jugulai pulsations a numbei of posi- 
tive waves of unequal heights Those marked a are referable to the con- 
tractions of the light auricle those marked s are due to the upward 
piojection of tlie tiicuspid valve into the cav% of the auricle at the 
beginning of tentiicular s} stole These coriespond to the va\e usually 
desmnated c, and in this instance it is often vitiated bj the pulsation 
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of the subclaYian aitery, owing to. the latter’s abnormally high position 
above the clavicle The third positive wave, d, is probably attiibntable 
to the relaxation of the papillary mnseles and the ascent of the anrieulo- 
ventricular septum at the end of ventrienlar systole The height of 
the auricular waves varies according to the time of occurrence of the 
auricular contractions, being very high when the auricular contraction 



Fig 3 — Tracing from the right radial artery There are no abnormal ivavea 
on the katacrotic limb of the pulse wave as seen in most of the other tracings 
obtained from the carotid artery 

takes place during ventricular systole, and very low when the auiicular 
contraction occurs shortly after the beginning of ventricular diastole 
This finds its explanation in the ventricular pressure changes occurring 
during the cardiac cycle If, when the ventricle is in a state of con- 
traction, the auricle suddenly contracts, the rise of intra-auricular pres- 
sure which follows IS sufficient to overcome the high intraventricular 


a tv 




Time 

Pig 4— Tracing taken on Nov 19, 1908, at a time when the syncopal and 
epileptiform attacks had become more frequent and more severe The apparen 
4 1 rhythm is purely accidental 

pressuie, and the auricular blood will be forced backward into the large 
veins, which in consequence will he suddenly and forcibly distended 
Wlien tlie auiicular contraction takes place, either at the beginning or 
towaid the end of ventricular systole, the resulting wave is also ^erl 
high This high nave is due, in the first instance, to the addition o 
the s to the a wave, in the second instance, to a blending of the i; m i 
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the a wave In eithei case the lesultmg compound wave is geneiallv 
higher than either wave taken separately A small wave immediately 
preceding the a w^ave can be seen in most of the tracings illustrating this 
article This wave has been observed and described by Erlangu and 
by Gibson, and has been attributed by them to the contraction of the 
mouth of the vena cava (sinus conti action) , it is more likely to appear 
when the veins are well filled This sinus wave is especially well de- 



fined in Figure 3, which was taken on a day (Dec 31, 1908) when the 
jugular veins were more distended than usual 

The carotid pulse in nearly all the tracings is of the anacrotic type 
and has the rounded summit typical of the senile pulse There are faint 
indications of small waves on the kataciotic limb of the pulse vaie out- 
side of those normally found there They bear a definite relation to 
the a waves of the jugular pulse, and are in all probability due to the 



Fig C — ^Tiacing taken during a longer attack Note the prolonged stoppage 
in the ventiiculai contractions and that the convulsive movements do not occur 
until toward the end of the v^entncular silence Tlie auricles go on heating regu 
larly 

latter That they’' are not produced by variations m intraventricular 
piessure affecting the arterial blood column is shown by the absence of 
such waves in the radial pulse (Fig 3) When these waves are intrinsic 
in the artery they’^ may be demonstrated in the radial pulse, as in Web- 
ster s case and in some of Gibsons cases oi in the biachial pulce 3“= in 
ErlangeFs case 
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The recoid of the apex-beat vanes m appearance in the various 
tracings This is due, in part, to changes which took place in the 
tonicity of the heart, the systolic plateau becoming bettei sustained as 
the patient improved, but in greater part to changes in the position 
which the patient assumed while the tracings were taken from day to 
day The patient suffered at first from orthopnea and had to be 
propped up, with the result that the heart receded from the chest wall , 
as improvement progressed it became possible for the patient to assume 
the recumbent posture without inconvenience, under such circumstances 
a better record of the apex-beat was obtained, as shown by the latei 
tracings The ventricular systole is somewhat prolonged, lasting from 
0 4 to 0 5 second The diastolic period is interrupted by a varying num- 
ber of small waves which correspond to the a waves of the jugular 
tracing, and have the same significance The auricular contraction 
which, as mentioned above, occur during the ventricular contraction, 
influence the foirni of the systolic plateau in that they deform it, usually 
causing a pionounced indentation or a ‘^crushing” of its summit This 
effect of an auricular contraction on the form of the systolic could not 
serve as a reliable means of identifying an auricular systole, so that a 
record of the apex-beat alone can not be used for estimating the number 
of auricular contractions in the cardiac cycle in cases of auiiculoien- 
tricular dissociation 

From the time of admission (Oct 26, 1908) until November 10 fol- 
lowing, the patient had six attacks of vertigo followed by loss of con- 
sciousness On November 10 the syncopal attacks became more frequent 
and were accompanied by epileptiform convulsions A number of 
tracings were taken on this date, but no syncopal attack occurred during 
the observation The analysis of the tracings, however, revealed the 
interesting fact that, while the auricular frequency had remained prac- 
tically unchanged, the ventricular frequency had fallen considerably 


No of 

Dite Vs 

Nov 10, 190S 9 

Nov 10, 1908 10 

Nov 10, 1908 9 

Nov 10, 1908 9 

Nov 10, 1908 9 

Nov 10, 1908 8 

A \ erage — 


Duration 
in 1/10 
sec 
269 
280 
260 
272 
280 
238 


Table 2 


No of Vs 
per mm 

20 07 

21 42 

20 76 

19 85 

19 28 

20 16 

No of As 
31 

37 

33 

34 

38 

33 

Duration 
in 1/10 
sec 

276 

281 

264 

280 

295 

240 

No of As 
pel min 

67 5 

78 28 

75 

72 85 

77 2 

82 07 

As Vs 
3 36 1 
3 65 1 
3 61 1 

3 67 1 

4 1 

4 1 

20 25 

— 


75 48 

3 72 1 


A comparison of Table 2 with the preceding one shows that the ven- 
tricular frequency fell from an average of 33 38 per minute to an ^ 
age of 20 25 per minute The auricular frequency, as stated aioie 
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not change, so that the As Vs ratio became in consequence greater, 
the average being 3 72 1, instead of 2 26 • 1, as in Table 1, while in 
some individual tracings this ratio reached 4 1 (Fig 4) It seems as 
if there were some direct relation between the slowing of the ventricu- 
lar conti actions and the mci eased fiequency and severity of the syncopal 
attacks Accordingly, this slowing of the ventricles might be regarded 
as the expression of a general tendency on their part to cease contracting, 
at least temporarily, and thereby to bring about the various nervous phe- 
nomena observed in the Adams-Stolres syndrome, through anemia of the 
nerve centers In this case, as in most eases so far reported, it was 
observed that the syncopal and epileptiform attacks were immediately 
preceded by a complete disappearance of the pulse for a variable period 


«.+s 



^imclJzosK. 

Fig 7 — Tracing taken 4 hours 30 minutes after the injection of atiopin 
(Nov 14, 1908) 

of time, usually a few seconds (4 to 8) In one instance, however, the 
pulse disappeared from the wrist for fully four minutes, when the 
patient became relaxed and wms apparently lifeless Di Hull, the 
interne on dutjf, raised the foot of the bed and performed artificial res- 
piration His efforts were rewarded by a leturn of the patient to con- 
sciousness, the pulse-rate rose rapidly to 120 per minute, to leturn 
shortly after to its usual low rate This increased ventricular fre- 
qnencv at the end of an attack, has been observed in man} cases of 
Adams-Stokes syndiome 

The presence of a complete aunculoi entricular dissociation baling 
a permanent character is stiongly suggestive of an organic lesion of 
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the muscle bundle of His Nevertheless, in order definitely to exclude 
the possibility of this disorder originating in some disturbance in the 
innervation of the heart, the atropm test was applied Dehio was the 
first to employ atropm as a means of determining the part played by the 
cardio-inhibitory apparatus in infrequent or in irregular action of the 
heart The same observer used the atropm test m a case of Adams- 
Stokes symptom-complex and found that the drug did not influence 
the pulse-rate m any notable manner Since then atropm has been 
used by a number of investigators m similar cases The efilect of atro- 
pm on the heart, under such circumstances, varies with the degiee of 
heart-block present When the block is complete, atiopm causes a nioie 
or less marked increase m auricular frequency while the ventncular 
rate remains practically unchanged, when the block is incomplete, the 
increase m auricular frequency is accompanied b}^ an increase m ven- 



Fig 8 — ^Tracing taken immediately before the administration of strophanthus 
(Nov 20, 1908) 

tiicular frequency, owing to the circumstance that some of the auricu- 
lar impulses are able to reach the ventricles and excite these to contrac- 
tion The action of atropm in heart-block is explained by tlie fact, 
established experimentally by Erlanger and others, that the vagus nerve 
acts directly on the auricles only (possibly only on the right auiicle) , 
the increased ventricular (pulse) rate which normally follows the sus- 


13 Some doubt has been expressed by Kronecker and Imehanitzky concerning 
the generally accepted opinion that the muscle bundle of His is the pathway con 
ducting the excitation process from auricles to ventricles, they maintain m 
ligation and crushing of the bundle of His proper, without including in ic 10 * 1 ^ 
tuie any of the adjacent tissues, will not cause any incoordiation , 

lar and lentricular action (Arch inteinat de phvsiol 190G ii, . 

working in Kronecker s laboiatorv, has recentlv confirmed the n in^^a 
above named imestigators (Ztschi f Biol, 190S, li, 17S 19 
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pension of vagus action is secondary to the increased auricular late 
The piesenee of a complete block between auricles and ventricles nat- 
urally renders the latter absolutely independent of any change in the 
rate of the former 

The dose of atropin ordinarily recommended for this test is 1/50 
giain hypodermically, but owing to the patient^s unfavorable condition 
it uas thought safer to administer a smaller dose — viz 1/100 The 
results are given in Table 3 


Table 3 — ErFccx of Atropin, 1/100 Grain Hypodermically 

Time in 

lection of No Duiation Duiation 


atropin of in 1/10 No of Vs No of in 1/10 



Vs 

sec 

per mm 

As 

sec 

Before 

6 

175 

20 57 

24 

184 

Befoie 

7 

202 

20 79 

28 

206 

Before 

7 

202 

20 79 

26 

198 

After — 
Hr Min 

5 

7 

197 

21 32 

27 

210 

8 

7 

192 

21 87 

26 

205 

12 

7 

199 

21 10 

26 

214 

18 

6 

222 

16 21 

33 

230 

23 

8 

224 

21 42 

30 

235 

28 

9 

259 

20 84 

33 

262 

33 

9 

277 

19 48 

37 

280 

37 

9 

280 

19 28 

39 

289 

43 

9 

273 

19 78 

37 

285 

48 

8 

248 

20 

37 

259 

58 

10 

246 

24 39 

37 

250 

1 14 

8 

257 

18 67 

39 

275 

1 19 

8 

274 

17 52 

44 

291 

125 

11 

295 

22 37 

43 

280 

1 31 

9 

291 

IS 55 

52 

312 

140 

7 

211 

19 9 

36 

257 

1 46 

7 

216 

19 44 

37 

230 

1 53 

6 

184 

29 34 

35 

218 

2 

7 

211 

19 9 

38 

234 

4 30 

9 

256 

21 09 

40 

266 

4 35 

8 

232 

20 69 

32 

241 

4 40 

8 

234 

20 51 

34 

246 

4 45 

8 

232 

20 69 

36 

240 

4 50 

7 

219 

19 17 

30 

229 


No of As 
per min 

As Vs 

Remaiks 

78 26 

3 80 1 


81 55 

3 92 1 


78 78 

3 78 1 


77 14 

3 61 1 

Atropin injected 

76 09 

3 48 1 


72 89 

3 45 1 


86 09 

5 31 1 

Vs irregular 

76 59 

3 57 1 

Vs regular 

75 57 

3 62 1 

Vs regular 

79 28 

412 1 

Vs iriegular 

80 96 

42 1 

Vs regular 

, 77 89 

3 94 1 

Fig 5 

85 71 

4 28 1 

Vs regular 

88 8 

3 64 1 

Sjmeopa] attack 

85 1 

4 55 1 

Vs stopped 4 8 sec Fig 6 

90 72 

5 17 1 

Syncopal attack 

92 14 

4 11 1 

Vs stopped 4 9 see 

100 

5 39 1 

Vs irregular 

Vs regular 

84 04 

4 22 1 

Syncopal attack Vs 

96 52 

4 96 1 

stopped twice, each 4 9 sec 
Vs regular 

96 33 

3 28 1 

Vs regular 

97 43 

4 89 1 

Vs regular 

90 22 

4 27 1 

Vs regular 

79 66 

3 85 1 

Vs regular 

82 92 

4 04 1 

Vs regular 

90 

4 35 1 

Vs regular 

78 6 

41 1 

Vs regular 


The above analysis of the tracings shous the usual outcome of the 
atropin test m cases of complete heart-block — namel}^, acceleration of the 
auricles — the ventricular rate remaining unaffected But definite con- 
clusions from the ventricular action can not be dravn in this instance 
because of its irregularity duiing the greater part of the test Several 
t’ipical attacks occuried uhile the tiacings were being taken The 
dependence of the com ulsn e seizures on the cessation of the ventricular 
contractions is uell illustrated in tracings Figures 5 and 6, uhere the 
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time oJ! occurrence of tlie convulsive movements is plainly shown It will 
oe seen also that complete stoppage of ventricular action may occur sud- 
denly without the preliminary gradual slowing generally observed 
(Fig 6) Tracing Figure 5 demonstrates the increased ventricular 
rate which follows an attack It is a noteworthy fact that nearly all of 
the instances of 'ventricular stoppage I was able to record during the 
obseivation lasted 4 9 seconds and that the prolonged stoppage seen in 
Figure 6 is a multiple of this (9 8 seconds) The auricular contrac- 
tions^ under the influence of atropm, remained perfectly regular through- 
out the test with the exception noted below The increase in rate was 
but slight and occurred late — ^much later than has been observed hereto- 
fore It IS probable that the smallness of the dose of atropin employed. 




Time i/W see 

Fig 9 — ^Tracing showing the effect of strophanthus The auricular contrac- 
tions have decreased, the ventricular contractions have increased in frequency 
(Nov 23, 1908) 

as well as the sluggish state of the patient’s circulation, are the factors 
responsible for tins slight and slow response There does not seem to 
be any relation between the stoppage of the ventricles which precedes an 
attack and the frequency of the auricular contractions Erlanger states 
that in the case he studied the slowing of the ventricles was synchron 
ous with a sudden acceleration of the auricles I vas unable to con 
firm this observation in the case under discussion The auricu ar ra e, 
it IS true, increased under the influence of atropin, this increa..e, ow 
ever, was not a sudden but a gradual one, and the " 

Erlanger that atropin vill not call forth an attack is at n u e 
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to this ciicumstance The only thing of note in this connection is a 
slight and momentary auricular arrhythmia Trhich took place durmg a 
mild attack (Fig 5 ) This is the onl}'^ instance in ■which this wab 
observed and may have been, therefore^ nothing but a coincidence The 
complete dissociation of the action of auricles and ventricles, together 
with the results of the atropin test, indicate that the break in the con- 
ducting path between auricles and ventricles is complete and consti- 
tutes stiong presumptive evidence of an organic lesion implicating the 
bundle of His to a marked extent An opportunity is thereby made 
available for the study of drugs used m cardiac therapeutics, about whose 
mode of action there may still be some doubt Such a drug is strophan- 
thus Germain See and Gley, Delseau-v^^ and other pharmacologists are 
of the opinion that strophanthus does not modify the cardiac rhythm 
through any action on the medulla or on the cardiac nerves On the 



heart has increased in strength as shown by the increased height of the auricular 
and ventricular contractions (Dec 29, 1908) 


other hand, Kochmann^® observed that, after section of both vagi, stro- 
phanthin (Merck) did no longer dimmish the rate of the heart-beat 
Liagre^“ w^as able to fully confirm these latter findings vith both the 
tinctuie of stiophanthns and stiophanthin He found, al^o that tliese 
preparations will fail to slow'- the liearFs action when the vagi have 
had their conductivity suspended by means of atiopin He demon- 


14 S6e, Germain, and Gler and Delseauv (quoted by Liagre) Jour de physiol 

pt dc pnth , 190G, Mii, 988) _ 

15 Ivochmann Beitiag sur Wirkung einiger Korper der Digitalisgiaippe aiif 
den Is Vamis Arch iiiternat de pharmocod , 190G, vm, 221 

16 Lia'rre, C Action de la teinture de strophantus et de la strophantine sur 
]e ihatlinTe du coiur Jour de plnsiol et dc path gCn , 1906, ini, OSS 
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stiated, furthermoie, that stroplianthus, or its alkaloid, does not piodnce 
any bradycardia in the perfused and isolated heart, hut that, on the 
contiarj^, a noticeable tachj'cardia ensues uhich, if the dose be too laige 
is complicated by arrhythmia 

In a previous communication^- I showed that strophanthus given in 
medicinal doses, in a case of complete heart-block, decreases the auricu- 
lar late, while the ventricular rate remains practically constant The 
action of the drug was also studied in this case Five minims of the 
tincture of strophanthus (U S P ) was given three times a day from 
November 31 till November 25, on which date the dose was increased 
to ten minims The administration of the drug was continued at this 
dose till Dec 7, 1908, when it was withdrawn altogether Tracings 
weie taken ]ust before the administration of strophanthus and then 
afterward, suflSciently often to determine the reaction of the heait 
toward the drug, the observations were continued after its withdrawal 
The results are presented in Table 4, and are also graphically repre- 
sented in a chart (Fig 12) 


Table 4 — ^Effect of Strophanthus 



No 

Duiation 

Date 

of 

ml/10 No of Vs 


Vs 

sec 

per min 

11/20, ’08 

8 

207 

23 18 


8 

203 

23 64 


8 

201 

23 88 

11/21, ’08 

9 

238 

23 68 

11/22, ’08 

26 

681 

22 9 

11/23, ’08 

55 

1208 

21 31 

11/25, ’08 

55 

1477 

22 34 

11/26, ’08 

31 

592 

3141 

11/27, ’08 

22 

399 

33 08 

11/28, ’08 

48 

904 

31 85 

11/29, ’08 

30 

619 

29 07 

11/30, ’08 

34 

728 

28 02 

12/2, ’08 

25 

512 

29 29 

12/5, ’08 

38 

794 

28 71 

12/7, ’08 

40 

836 

28 7 

12/9, ’08 

30 

636 

28 3 

12/11, ‘08 

30 

664 

27 1 

12/13, ’08 

36 

774 

27 9 

12/15, ’08 

58 

1234 

28 2 

12/17, ’08 

52 

1058 

29 53 

12/19, ’08 

48 

1016 

28 34 

12/20, 08 

34 

692 

29 47 

12/27, ’08 

44 

989 

26 69 

12/29, ’08 

42 

887 

28 41 

12/31, ’08 

52 

1032 

30 23 

1/2, ’09 

52 

1151 

27 1 

1/4, ’09 

43 

910 

28 35 

1/6, 09 

45 

963 

28 03 

1/8, 09 

54 

1123 

28 85 

1/10, 09 

42 

926 

27 21 


Duration 


No of 

in 1/10 No of As 



As 

sec 

pel min 

As Vs 

25 

204 

73 52 

3 15 

1 

26 

219 

71 23 

3 01 

1 

26 

214 

72 89 

3 05 

1 

28 

235 

71 48 

3 15 

1 

78 

729 

64 19 

28 

1 

116 

1271 

54 76 

2 

1 

180 

1535 

70 35 

3 14 

1 

64 

600 

64 

2 03 

1 

46 

417 

66 18 

2 00 

1 

88 

938 

56 29 

145 

1 

61 

636 

57 54 

22 

1 

74 

753 

58 96 

2 1 

1 

56 

521 

64 49 

1 98 

1 

90 

807 

66 91 

2 33 

1 

93 

879 

63 48 

2 21 

1 

81 

701 

69 32 

2 44 

1 

78 

680 

68 8 

2 53 

1 

97 

817 

71 23 

2 55 

1 

175 

1308 

80 27 

2 84 

1 

138 

1113 

74 39 

2 51 

1 

128 

1070 

71 77 

2 53 

1 

100 

720 

83 33 

2 82 

1 

137 

1073 

76 6 

2 86 

1 

131 

968 

81 2 

2 85 

1 

102 

1102 

88 2 

2 91 

1 

155 

1228 

75 73 

28 

1 

135 

960 

84 37 

2 97 

1 

151 

1020 

88 88 

3 17 

1 

156 

1157 

80 9 

2 S 

1 

135 

992 

81 65 

3 

1 


Remarks 


Before 

Strophanthus m v 1 1 d 
Strophanthus m v 1 1 d 
Strophanthus ni v 1 1 d 
Strophanthus in x 1 1 d 
Strophanthus m n 1 1 d 
Strophanthus m x 1 1 d 
Strophanthus m v 1 1 d 
Strophanthus m v 1 1 d 
Strophanthus m v 1 1 d 
Strophanthus m 1 1 d 
Strophanthus in x 1 1 d 
Strophanthus stopped 


Gone home for Christmas 


Six- groups 


of 4 1 ratio 
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The most striking effect of the action of strophanthus on the heait’s 
action is seen in the notable decrease in the fiequency of the auricu- 
lai eontiactions It is to be noted that no such effect is exerted upon 
the ventricular contractions , on the contrary, these are conspieuousl}’ 
increased in rate In this way is brought about an approximation 
toward normal heart action, as shown by the decrease in the As Ys 
ratio These findings are a confirmation of the statement I made in 
another place, that strophanthus slows the heart by stimulating the 
vagus neive They also confirm the animal experiments of Kochmann 
and of Liagre and show the propriety of their application to the human 
heart The ventricles in this case exhibit the tendency to acceleration 
manifested in the tachycardia of the isolated and perfused heart when 
it is subjected to the action of stiophanthus Yon Taboia^' made some 
experiments on the mammalian heart which may be ot interest in this 




jTjg 11 — Tracing taken later after the withdrawal of strophanthus Tlie 
auricular frequency continues to increase The improved cardiac condition per 
sists (Jan 6, 1909) 


connection After crushing the bundle of His, thereby producing a 
complete and permanent auriculoventricular dissociation, this investi- 
gator injected digitalin intravenouslj^ , the results which he obtained 
were a doubling of the ventricular rate and a gradual decrease in the 
auricular rate gomg on to complete arrest Thus it will be observed 
that there exists a certain parallelism in the mode of action of stro- 
phanthus and digitalis (digitalin) in bringing about a decrease in the 
frequency of the heart beat 

17 Von Tabora, D Ueber die experimentelle Erzeugung ion Knrmnersjs 
tolenausfall und Dissociation durch Digitalis Ztschr f e\per Path u Thcrnp , 
1906, 111, 549 
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That the slowing of the anricles was not fortuitous is shown b}'’ the 
fact that, following the complete -withdrawal of the drug, their rate 
giaduallj^ increased until it reached and went beyond the figure which 
it had before the test The tome action of the drug on the ventricles 
persisted, so that their frequency remained a little higher than imme- 
diately before the test 

The improvement of the circulation under the infiuence of stio- 
phanthus had a most remarkable result The syncopal and epileptiform 
seizures which had been increasmg in frequency and seventy gradually 
became less fiequent and in a short time disappeared, not to return 



Fig 12 — Chart based on Table 4, showing the effect of strophanthus on t le 
auricular and ventricular rates Apparently, the auricles either escape from 
1 agus stimulation or the vagus ultimately fails to respond to the prolonged action 
of the drug 

again, even after the withdrawal of the drug The patient ultimatcl} 

felt so well that he left the hospital 

Jagic^® has reported a case of Adams-Stokes sindrome in vJiich 
a tenipoiaiy improvement followed the adnnnisnation of small 
digitalis (0 05 gm a dai) He supposes that this result vas an o cot 

IS Jagic, N Ein Beitrag ?ur Kasuistik des Adams Stokes -chcn -^niji 
komplexes Ztscbr f klin , ^led , lOOS, lv\ i 
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of the small dose of digitalis used, which, he thinks, could hardly have 
stimulated the vagus, but could, nevertheless, have acted directly on 
the heart muscle He states that digitalis in larger doses may do harm 
by further depressing conduction through vagus stimulation, but, as his 
case was in all probability one of complete heart-block, and as Eilanger’s 
experiments, as well as the atropin and strophanthus tests, indicate that 
the vagus influences the auricle only, Jagic’s fears do not appear well 
founded That vagus stimulation, in eases of complete block, is not 
incompatible with decided improvement in ventricular action is shown 
in the study of the effect of strophanthus herein reported The result 
might be different in cases of incomplete heart-block, for m this condi- 
tion some of the auricular impulses pass over to the ventricles, and 
usually these are still dependent for their contraction on the arrnal of 
the auricular impulses A slowing of the auricles, through the action 
of digitalis or strophanthus on the vagus, would inevitably be followed 
by a decrease in the frequency of the ventricular contractions Digitalis 
might, moreover, further depress the conductivity of the auriculoven- 
tricular bundle The combination of these two effects would naturally 
aggravate the condition Such a result is apparently not to be feared 
in cases of complete heart-block 

I wish here to express my indebtedness to Professor J C Wilson 
for the privilege of studying the case 

19 The article does not contain any tracings, nor is there any mention of any 
having been taken 



EFFECTS OF THE ADMIHISTEATION OE THE WITHHOLD- 
ING OF lODIH-COHTAINIHG COMPOUNDS IN NOEMAL, 
COLLOID OE ACTIVELY HYPEEPLASTIC 
(PAEENCHYMATOUS) THYEOIDS 
OP DOGS 

SOME EXPEEIMENTS ON (CONGENITAL) PRENATAL THYROID HYPERPLASIA 
IN DOGS;, REMARKS ON THE CLINICAL MANIEESTATIONS 
ASSOCIATED WITH MARKED THYROID HYPERPLASIA " 

DAVID MARINE, MD, and C H LENHART, MD 

CLEVELAND, OHIO 

The observations and experiments here recorded have been made on 
dogs, and include three with normal, eight with colloid and seventeen 
with actively hyperplastic glands, as ascertained by the first s’pecimen 
of thyroid removed The plan followed has been to remove a control 
portion of the thyroid from each dog for histologic diagnosis and lodin 
determination, and at intervals to lemove other portions for comparison 

Our experiments may be divided into two groups (1) those in which* 
lodin was administered and (2) those m which no lodin was adminis- 
tered, except what was contained in a liberal diet of cooked meat, bread, 
sodium chlorid, milk and water The food being the same in eacli 
group, no other remarks are necessary, except that dogs normally store 
some lodin from such a diet These two groups have been tabulated, 
and in presenting Tables 1 and 2 we have arranged the cases according 
to the anatomic groups represented, as ascertained by the histologic 
diagnosis of the first specimen of th^aoid removed Thus normal and 
colloid glands aie placed first, then follow in order the sei’eial degiees 
of hyperplasia 

We shall discuss the cases according to the groups represented 

1 Nojmal Glands — Of the thiee subjects (A-123, A-26, A-27), 
only one (A-26) was given lodm diiectlj'' In this case the lodin nas 
distinctly but not markedly increased in the remaining lobe Tins lobe 
also increased in size, but lemained normal in stiucture The otJiei nio 
subjects (A-123 and A-27) showed hyperplasia of the remaining lobes 
These three cases show that lodin does have a preventl^e e ec on 

*rroni the L-xhoratones of Expennient-il Medicine and Phnrniacologn of Wc-t 
ern Resell e Unneisitr 
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lODIN IN THYROIDS 

1^'perplasia and also that aodin is increased even in normal glands 
though slightly This is what is expected when one recalls the normalh 
wide variations in the lodin contents of normal glands fiom all ani- 
mals 1 The other point of importance, namely, that glands may grow 
in size and yet never show any deviation from normal structure, is of 
considerable interest, in that it furnishes additional proof tliat hyper 
plasia, however slight, is no part of the normal growth of normal glands, 
but must be the evidence of some abnormal factor or stimulus Further, 
it shows that the administration of lodin will not prevent the normal 
growth of a normal gland Lastl 3 % when the three cases are taken to- 
gether, it IS seen that the amount of thyroid removed is of secondary 
importance to the lodin content in determining the occurrence of hyper- 
plasia, although lodin does not seem to prevent hyperplasia after a cer- 
tain maximum of thyroid is removed, ^ust as it does not prevent the 
normal growth of pups’ thyroids It will be noted that all thiee dogs 
were young This, as Horsley” and all subsequent investigators have 
shown, is very important, since the needs for the gland’s activities are 
greater in youth The symptoms following the removal of the thyroid 
are also greater, and compensatory hyperplasia occurs more constantl} 
and more rapidly the younger the animals are 

Colloid Glands — There were three cases (A-51, A-120, A-118) in 
which lodin was given and live cases (A-63, A-96, A-104, A-106, A-123) 
m which it was not given In the five cases in which lodm was not given 
there was a; gradual lessening of lodm in the succeeding portions re- 
moved, ^ust as in the normal glands This is in sharp contrast with 
the h 3 '^perplasias, all of w'hich will be seen to have gamed slightly in 
lodin It suggests that the ability of normal or colloid glands to store 
lodin from the food is much less than that of actively hyperplastic 
glands ^Vhile in general the lodin contents of colloid glands per gram 
are less than those of normal glands per gram, this is not necessaiil 3 ' 
true The three glands m which lodin was administred show a marked 
increase in the th 3 T’oid lodm, though, as will be seen, it is not as great 
as that which occurs in the active hyperplasias, thus agreeing with the 
normal glands m this respect In two of the cases, A-104 and A-106, 
secondary (i e, glands undergoing active h 3 ^perplasia for the second 
time) eompensator 3 ’' hyperplasia occurred, but onl}” after the lodm 
had been greatl 3 ’’ reduced This also is in haimony with wliat nor- 

1 Marine and Lenhart Further observations on the relation of lodin to the 
structure of the thyroid gland in the sheep, dog, hog and o\ The Ancnnns I^T 
^Ied , 1909, 111, 6G 

2 Horsley Brit Med Jour , 1892, i, 215 



D MARINE— C H LENHART 


255 


mally occurs in the spontaneous secondary hyperplasias In the case of 
colloid glands, ^ust as was shown for normal glands, the amount of 
gland removed does not seem to he so important as is the lodin content 
in starting the hyperplasia and, also 3 ust as in the normal glands, there 
IS a level below which lodm will not protect against secondary hypei- 
plasia All the evidence taken together indicates that colloid glands 
behave exactly as normal glands when subjected to the same experi- 
ments, or, in other words, that colloid glands parallel normal glands 

Hypeiplcmas — ^Discussing the six cases in which no lodin was di- 
rectly administered, it will be seen that they represent degrees of hyper- 
plasia from emly to model aie They all show an increase of lodin in 
the successive portions removed This is in sharp contrast with the 
normal and colloid glands, which under'the same conditions of food and 
experiment did not show increases of lodin Associated with this slight 
gradual increase in lodin, there is a slow return toward colloid glands 
This slow return toward the colloid condition should be contrasted witli 
the rapid return to the colloid condition in those cases given lodin di- 
rectly 

Taking up the cases of hyperplasia m which lodm was administered, 
theie were eleven, ranging from normal eaily to maiTced glandular hy- 
perplasia In all these cases very marked and very rapid increases in 
the lodin contents are shown Taking the whole senes, the general im- 
piession IS that lodin is stored more rapidly in the cases with marked 
hyperplasia This is very evident when colloids or normals are 
contrasted with the hyperplasias The form of administration of lodm 
appears to be of less importance than the degree of hyperplasia in de- 
termimng the rapidity with which lodin is taken up by the thj^roid 
The amount of lodin taken up obviously must depend on the quantity 
administered, the degree of hyperplasia and the extent of the epithelial 
surface The lapidity of the involution (reversion) process in subjects 
given lodin may be judged from A-119 in which noticeable histologic 
differences were present m five days This is about the average time 
required, though we have seen it in three days The average time re- 
quired to induce complete involution (reversion) may also be ascei tamed 
fiom this case, in which in 26 days the entire senes of changes from 
marked glandular hjperplasia back to pure colloid gland occurred Hov 
much this maj’^ be modified by different methods of administration an 
different preparations of lodin is j’^et to be ascertained Our data in ica 
that these will be found to be of minor general pharmacologic impor 
tance though probably of great therapeutic importance ^ 
thyroid preparations appear to have no advantage over le i c* 
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L lobe 


0 24 Reddi Firm 
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Which Iodin Was Given 



0 705 1 c c sat ale sol lodid None 
from 2, 21 to 3, 8, '07 
0 138 None 

0 245 6 5 tablets desiccat- Pneumonia 
ed thjroid from 3, 29 
to 4,3, ’07 

0 400 Distemper and chorea 

on admission 

1 195 Given 70 gtt syrup of 

ferr lodid from Apr 
16 to Maj 2 

0 186 None 

0 237 Given 7 5 gm of desic- None 
cated thyroid con- 
taining 1 092 mg per 
gm dried 

0 106* 7 5 gm desiccated thy- Slight wound in 
roid lodid assign’d as fection, HgCU 
above since last opr dressing 
0 487 120 gtt sjr ferr lodid Infection cleared 
since last operation up 
0 227 120 gtt syr ferr lodid None 
since last operation 
0 171 160 gtt syr ferr lodid None 
from 4, 16, to 5, 1 

0 026 No lodid since last Tetany 

operation 

None 

1 093 200 mg lodid given None 

from 1, 26 to 2. 7, ’07 

0 056 None 

1 265 Fed 545 gms fresh Emaciation, diar 

sheep’s thyroid from rhea 
Jan 25 to Feb 3 

0 071 Canine chorea, 

“distemper ’’ 

5 gtt sat ale lodin Acute distemper 
from 4, 26 to 4, 30 

0 014 None 

0 393 Fed 65 5 gr tablets in Emaciation 
28 days following 1st 
operation 

0 057 None 

0 815 15 gtt sat ale sol lodin None 
from 4, 1 to 4, 11 

0 008 None 

0 292 7 gtt sat ale sol of Pulmonary em 
lodin since April 2 holism 


Chloroformed to death 4, 2, ’07 


Death on 5th day of pneumonia 


No apparent improvement in dis- 
temper and chorea , chloformed to 
death 5, 2, ’08 


lodin determination uncertain owing 
to presence of mercury * 


Died 2 days after last operation of 
tetany 

lodin not determined — accident — 
bitch pregnant* 

Killed with chloroform 3, 15, ’07 


Dog died after great loss of weight, 
associated with serious diarrhea 


No lodin determination, specime'C> 
lost 

Killed iMth chloroform 2, 20, ’07, 
great loss of weight, slight diar 
rhea 

Killed ^\lth chloroform 


0 453 [Wound packed 6 times Wound infection 
' wi th iodoform gauze 


Dog died suddenly night of 8- 

and autopsj show ed the 
artery plugged with an embolus 

Died suddenly May 18 , o^ng to 
wound being torn open by another 

Do^^vas^Sated, pulse ISO, bonrt 

action shook entire body, slight 
diarrhea 


1 123 0 24S 120 gtt sjr ferr lodid Slight wound in 

fed from 2, 19 to 2, 24 fection 

1 480 0 352 40 gtt sjr ferr lodin Fatalhemorrhnge He™o'-rhnge due to infect 


1 480 0 352 40 gtt sjr ferr lodin 

in 2dajs 


ligature 
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Table 1 — ^Experiments in 






jii tc 


o c 





Case 

No 


Age 

43 

.2 O td 

Part 

s'i'c 

Color 

Consist- 

Visible 

Histologic 

o 

zn 

to 


Removed 

wSg 
S 5?o 

ency 

Colloid 

Diagnosis 

A-116a 

F 

7 mos 

6 5 

13, 3, ’08 

R lobe 

6 5 

Grayish, 

opaque 

Soft 

None 

Marked gland ' 
hjperplasia 

A-116b 

F 

7 mos 

6 0 

17, 3, ’08 

R lobe 

11 6 

Gravish, 

opaque 

Soft 

Visible 

Colloid mod 
marked gland 









Visible 

hj perplasia 

A-116C 

F 

7 mos 

5 5 

21, 8, ’08 

R lobe 

27 6 

Yellowish 

opaque 

Firm 

Colloid mod 
marked gland 










hyperplasia 

A-116d 

F 

7 mos 

5 5 

24, 3, ’08 

L lobe 

43 5 

Yellowish, 

opaque 

Firm 

Visible 

Colloid early 
gland hyper 
plasm 

Marked gland ' 
hyperplasia 
Colloid mod / 
marked 

A-117a 

A-117b 

M 

M 

2 jrs 

2 yrs 

6 9 

6 6 

21, 3, ’08 

25, 3, ’08 

R lobe 

Li lobe ( 

R lobe f 

4 2 

67 10 

Graj red, 
opaque 
Yellowish 
opaque 

Soft 

Soft 

None 

Just VlSl 
ble 

A-119a 

M 

8 mos 

8 4 

10. 4, ’08 

L lobe 

9 82 

Reddish, 

opaque 

Soft 

None 

Marked gland ' 
hyper;plasia 

A-119b 

M 

8 mos 

8 2 

15, 4, ,08 

L lobe 

20 5 

Yellowish 

red. 

Soft 

Just VlSl 
ble 

Colloid mod 
marked gland 

A-119C 

A-H9d 

M 

M 

8 mos 

8 mos 

8 0 

10 0 

22, 4, ’08 

28, 4, ’08 

R lobe 

R lobe 

1 5 

7 2 

opaque 

Yellowish, 

opaque 

Yellowish, 

ivAUSl 

Moderate 

Firm 

Visible 

Normal 

Colloid mod 
gland , , 

Colloid early • 
gland 

A-119e 

A-119f 

M 

M 

9 mos 

10 mos 

10 5 

11 9 

6, 5, ’08 

15, 6, ’08 

R lobe 

Remaind’r 
of lobes 

6 5 

1 3 

Yellow, 

transl 

Yellow, 

transl 

Firm 

Firm 

Normal 

Normal 

Colloid 

Colloid 


saltB of lodm. or over pure lodrn, m mdueing these histologic Aimges 
If anvthmg the pure lodm is taken up more rapidly Gomg back to 
Se casrm Tich lodin was not admimstered, it will be seen that m 
stop contrast with A-119, m which complete involution (rever^n 
occurred in twenty-six days, A-IU did not reach complete involut 
(reversion) for sixty-six days 

noEMS, Monn on AnMiniSTEArion Ann axiouets on lonm An»n™o 

We have employed 

thyroid, pure lodm, ferrous lo , normals, colloids or hyper- 

the storage of lodm in the g ends, whete norm 
plasms The resultmg histologic eflect in all is 

return to the colloid or quiescent con ion thyroid 

As to the mode of hypodermically 

when “painted” on the ^ s„fflcient data to differentiate 

^e 

;Ce lodin apparently ,s taken up most rapidly 
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Which Iodin Was Given — Continued 


lodicl, 
per gm , 
Dried 

lodid, 
per gm , 
Moist 

Amount, Form and 
Duration of lodid 
Administration 

Complicating 
Factors During 
Experiment 

Eemarks 

0 015 

0 003 

No lodin administered 
prior to brst opera- 
tion 

None 

Rhachitic, anemic and some-what 
emaciated, with forcible action 
and pulse 160, eyes weeping and 
stools soft 

1 000 

, 0 188 

1 

120 gtt syr ferr lodid 
in 4 days since first 
operation 

Slight -wound in- 
fection 


2 153 

0 477 

120 gtt syr ferr lodid 
in 4 days since 2d 
operation 

Slight -wound in 
fection 


2 691 

0 693 ; 

i 

80 gtt sj r ferr lodid 
in 3 days 

Fatalhemorrhage 

Hemorrhage due to infected ligature 
sloughing ofi a large vein , thymus 
atrophic, spleen and lymph gland 
enlarged 

0 065 

0 014 

No lodin given prior 
to 1st operation 

None 

2 384 

0 540 

120 gtt syr ferr lodidi 
given in 4 days since 
1st operation 

Over anesthetized 

Ineffectual efforts at resuscitation 

0 200 

0 040 

No lodin given prior 
to 1st operation 

None 

Anemic, but fat deposits normal 

2 861 

0 553 

120 gtt syr ferr lodid 
in 5 days since first 
operation 

None 


4 078 

0 860 

300 gtt syr ferr lodid 
in 7 dvs since 2d ope 

None 


3 353 

0 749 

No lodin given since 
last operation 

None 

Dog gaming weight rapidly 

3 522 

0 894 

No lodin given 

None 


2 770 

0 554 

No lodin given 

Killed by negli- 
gent anesthetist 

An attempt was made June 1, but no 
thyroid found in a hasty exam 
Dog killed June 15 by negligence 
after operation -ivas completed 

1 


Coming to the amounts of lodin administered^ one of the most strik- 
ing things brought out is that of the minute amounts (minute in con- 
trast with what we had generally seen recommended in the treatment of 
goiter) necessaiy to induce thyroid changes It appears that the more 
maiked the hyperplasia the greater is the amount of lodin taken up^ 
since in noimal dogs one can give very large amounts of lodin without 
inducing any systemic effect or raising the lodin content of the glands 
any more than much smallei doses do in actively hyperplastic glands 
It may be well to refer to the sj^stemic effects pioduced bj’’ lodin as uc 
have seen them 

In the first place, leference to Tables 1 and 2 will shov that in nor 
mal 01 colloid glands there is either little change in body u eight 
there is about the same change whether lodin was administered or n 
This is not true of the subjects with hyvev])]asm All such subjec s v ici 
fed lodin lost weight rapidly for a time (one to tuo weeks), ticn ^ ‘ 
to gam, while in those not fed lodin a loss of v eight wa-; no 
We have made some specific experiments regarding tie o^. 

Thus ue took thiee markedly goitrous pups of the same 
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Table 2 — ^Experiments in which 






•4 « 


0 

OpH 




Case 

No 

w 

<0 

CO 

Age 

S’ 

0 

2 0 -S 

^ © c< 

Part 

Eemoved 

sl° 

|c5S 

Color 

Consist 

ency 

Colloid 

A 27a 

F 


1 85 

15, 2, ’07 

R lobe 

Rl 

Reddish, 

transl 

Firm 

Normal 

A-27b 

F 


1 53 

2, 4, ’07 

L lobe 


Reddish, 

transl 

Firm 

Reduced 

A-123a 

M 

52 days 

1 4 

7, 5, ’08 

L lobe 

BE 

Reddish, 

transl 

Firm 

Normal 

A-123b 

M 

3J4 mos 

2 5 

1 , 6, ’08 

One half of r 

H 

Reddish, 

transl 

Firm 

Normal 

^-l23c 

A-^Sa 

M 

8h mos 

8 1 

7, 12, ’08 

All of r lobe 


Gray, red 

Moderate 

None 

F 

Middle * 

12 7 

17, 4, ’07 

L lobe 

14 25 

Yellowish, 

Firm 

Normal 

A-63b 

F 

Middle 

12 7 

22, 5, ’07 

R lobe 


Yellowish, 

transl 

Firm 

Normal 

A-95a 

F 

Middle 

5 9 

11, 5, ’07 

L lobe 

5 1 

Yelloivish, 

transl 

Firm 

Normal 

A-95b 

F 

Middle 

5 7 

6 , 6, ’07 

R lobe 

3 4 

Yellowish, 

transl 

Firm 

Normal 

A-104a 

F 

Middle 


10, 9, ’07 

R lobe 

1 lobe 

Part of 1 lobe 

1 7 

1 45 

Yellowish, 

transl 

Firm 

Normal 

A-lQ4b 

F 

Middle 

7 7 

4, 1, ’08 

2 25 

Reddish, 

transl 

Firm 

Visible 

A-104C 

P 


7 7 

7, 1, ’08 

Remains of 1 
lobe 

R lobe 


Reddish, 

transl 

Firm 

Visible 

A-t06a 

F 

Middle 

11 8 

5, 6, ’07 

29 5 

Clear, 

brownish 

Firm 

Normal 

A-106b 

F 

Middle 

9 52 

15, 7, ’07 

iil lobe 


yellow 

Clear, 

brownish 

Firm 

Normal 

A-IO 60 

A-106d 

F 

F 

Middle 

Middle 

9 50 

10, 9, ’07 

7, 12. ’07 

J^ofremaining 
part of 1 lobe 
Remains of 1 
lobe 

3 0 

4 5 

yellow 

Reddish, 

yellow 

Reddish, 

opaque 

Moderate 

Soft 

Reduced 

Just VlSl 
ble 

A-122a 

A-122b 

A-1220 

A-I22d 

A-122e 

F 

F 

F 

F 

F 

2 mos 

3 mos 

1 S 

2 3 

2 9 

7, 5, ’08 

21, 5, ’08 

1 , 6, '08 

12 , 6 , ’08 

17, 6, ’08 

Part of 1 lobe 

Part of 1 lobe 

Part of 1 lobe 

Part of 1 lobe 

Entire r lobe 

2 2 

2 6 

1 0 

1 8 

10 5 

Yellow, 

transl 

iellow 

transl 

Yellow, 

transl 

Yellow, 

transl 

Yellow, 

transl 

Firm 

Firm 

Firm 

Firm 

Firm 

Normal 

Normal 

Normal 

Normal 

Normal 

A-64a 

A-64b 

A-94a 

M 

M 

F 

Pup 

Middle 

2 9 

4 1 

2 15 

17, 4, ’07 

5, 6, ’07 

11, 5, ’07 

h lobe 

R lobe , 

L lobe 

M 

Reddish, 

opaque 

Reddish, 

transl 

Reddish, 

transl 

Reddish, 

Moderate 

Firm 

Firm 

Firm 

Reduced 

Normal 

Normal 

Normal 

A 94b 

A-112a 

A-112b 

A-112C 

F 

F 

F 

F 

Middle 

Young 

adult 

Young 

adult 

Young 

adult 

1 95 

5 4 

5 4 

5 9 

25, 5, ’07 

15, 1, ’08 

25, 3, ’08 

7, 12, ’08 

R lobe 

L lobe and % 
of r lobe 
Part of r lobe 

All of r lobe 

ti lobe 

R lobe 

L lobe 

5/6 r lobe 
Remains of r 
lobe 

4 15 

? 

0 250 

a R 

transl 

Reddish, 

transl 

Reddish 

transl 

Reddish 

opaque 

Reddish, 

Moderate 

Firm 

Moderate 

Moderate 

Reduced 

Normal 

Visible 

Reduced 

A-74a 

A-74b 

A-I26a 

A-l26b 

F 

F 

M 

M 

Young 

Young 

2 jears 

5 44 

6 35 

7 

7 

25, 4, ’07 

1, 6, ’07 

2, 6, ’08 

29, 6, '08 

1 

opaque 

Reddish, 

opaque 

Rednish, 

transl 

Reddish 

brown 

Moderate 

Moderate 

Moderate 

Seduced 

Visible 

Visible 














D MARINE— G H LENHART 


261 



Histologic 

Diagnosis 


Normal 

Early gland hyper- 
plasia 
Normal 

Normal 

Marked gland hy- 
perplasia 
Colloid 

Colloid 

Colloid 

Colloid 

Colloid 

Colloid, early gland 
Colloid, early gland 
Colloid ‘ 

Colloid 

Colloid, mod gland 
hyperplasia 
Colloid, mod gland 
hj perplasia 

Colloid 
Colloid 
Colloid 
Colloid 
Colloid, gland 

Early gland hy- ' 
perplasia 
Colloid 

Early gland hyper-' 
plasia 

Early gland hjper ' 
plasm 

Early mod gland ‘ 

cSio"."”'"'" 


Colloid, mod mark- 
ed gland hyper- 
plasia 

Mod gland hyper- '1 
plasia I 

Colloid, early gland I 
h\ perplasia I 

Colloid mod gland “j 
hyperplasia I 

Colloid, earlj mod >• 
gland h’porplnsia i 


m 

Ui 2 

o o 

lodin p 
gm , d] 

o - 

-3 a 

0 886 

0 248 

1 520 

0 253 

6 921 

1 384 

0 115 

0 025 

1 246 

0 298 

0 323 

0 092 

1 076 

0 251 

0 719 

0 163 

2 738 

0 510 


Complicating 
Factors in 
Experiment 



None 


Tetany 

0 308 0 033 None 
0 554 0 066 None 


Killed 6, 22, ’07 


Killed with chloroform 6, G, ’07 

Bitch gave birth to 5 pups 5, 17, '07 Im- 
pregnated again 9, 7 ’07 

Died 1, 7, ’07 of tetany 


Probably myx- 
edema 


.Bitch died 1, 21, ’08—1}^ months after 
last operation Accessory thyroids 
present 

On admission neck brown from lodin 


HgCle poisoning 
Pregnant 
Pregnant 
None 


Slight wound in 
fection cleared 
up quickly * 


Killed June 17 by another dog, neck ter- 
nblj torn and r thyroid lobe hanging 
from wound * 

Killed with chloroform 6, 6, ’07 

Died May 25 of acute HgCIs poisoning 

Gave birth to 2 pups 3, 15, ’OS Gave 

birth to 5 pups p, 29 OS , 

Tetany developed during second p«^ 
nancy, controlled bj CaCle, doveiopca 
msxcdcma alter ln«toporatio 

Killed with chloroform C, 1 ’0< 

Died while taking ether atCd op. ration 
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Table 2 — Experiments in which 


Case 

No 


A 121a 

A-121b 

A - 121C 

A-121d 

Al21e 

A-121f 

Al2Ig 

A]21h 

A-12h 

A-1213 

A-121k 


Age 


U 

M 

M 

M 

M 

M 

M 

M 

M 

M 

M 


Middle 

Middle 

Middle 

Middle 

Middle 

1 

Middle 

Middle 

Middle 

Middle 

Middle 

Middle 


XI 


7 3 


10 9 
12 1 

12 0 


XI O 

S o 

a « 4>4 

ft*** 
o c3 

ft 

ft 


S 7 


22 . 4 , ’08 
28 , 4 , ’08 

19 . 5 , ’06 
21 , 5, ’08 
‘ 2 , 6 , ’08 
12 , 6 , ’08 
27 , e, ’08 
10 , 7 , ’08 
13 , 9 , ’08 
1 , 1, ’08 

22 , 12, ’08 


Part 

Removed 


Part oft lobe 
Part of r lobe 
Part of r lobe 
Part of 1 lobe 
Part of 1 lobe 
Part of 1 lobe 
Part of 1 lobe 
Part of 1 lobe 
Part of 1 lobe 
Part of 1 lobe 

Part of 1 lobe 


V 

IP 

l|3s 


Color 


4 6 
7 6 
6 4 

3 6 
1 2 

4 85 
4 2 
2 0 
0 5 
0 8 

0 855 , 


Reddish 
Yellow 
Reddish 
jellow 
Reddish, 
transl 
Reddish, 
transl 
Reddish, 
transl 
Reddish, 
transl 
Reddish, 
transl 
Reddish, 
transl 
Reddish, 
transl 
Reddish, 
transl 

Gray, red, 
transl 


Consist 

encj 


Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 

Moderate 


Colloid 


!Visible 

Visible 

Visible 

Normal 

Normal 

Normal 

iNormal 

Normal 

Reduced 

iNormal 

Reduced 


weeks, one was fed pure lodin by mouth, one ferrous lodid by mouth, 
and the other was kept as a control We also took three pups raised m 
the laboiatory with histologieaity noimal glands and fed the same 
amount and lauds of lodin to them In the goitrous pups the loss of 
weight was veiy rapid (one-twelfth of body weight in live days) in those 
fed lodin, and one-fortieth in the pup used as a control On the othei 
hand, the normal pups continued to gam m weight, whether fed lodiii 
cr not 

This brings up a very important, though well-Imown, obseivation, 
namely, that lodm administered to dogs with hyperplastic thyroids has 
a physiological action like the desiccated thyioid, i e, it rapidly reduces 
the body weight, while lodin administered to normal dogs does not With- 
out further data than our anatomic observations we advance the follow- 
mg possible explanation for this phenomenon, which has long been 
known to students of human goiter In the h3’perplastic glands then 
ability to take up lodm is greatly mci eased, owmg to the greatly in- 
creased blood supply and the increased epithelial surfaces of the gland, 
and the excretor}’ apparatus (whether through the venous or Ijunph chan- 
nels) IS also greatl}’ increased so that the abiiitj’ of the gland to give oft: 
the iodized protem substance is increased to practically the same extent as 
IS the ability to take lodin fiom the blood, and nntil this excretion can 
be lessened the organism is receiving, in effect, excessne doses of the 
physiologically active substance As will be recalled from the anatomic 
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loDiN WAS Not Given — C ontinued 


Histologic 

Diagnosis 


Colloid, mod gland 
hjperplasia 
Colloid, mod gland 
hyperplasia 
Colloid, early mod 
gland h’perplasia 
Colloid, early gland 
hyperplasia 
Colloid, early gland 
h\ perplasia 
Colloid, early gland 
hj perplasia 
Colloid 

Colloid, early gland 
hyperplasia 
Colloid, early gland 
hj perplasia 
Colloid 


Colloid, early gland 
hyperplasia 


lodin per 
gm , Dried 

lodin per 
gm , Moist 

Complicating 
Factors in 
Experiment 



None 

0 455 


None 


0 167 

None 

1 838 


None 

1 774 


None 

1 427 

0 369 

None 


0 550 

None 


0 188 

None 


0 196 

None 

1 925 

0 513 

None 

1 540 

0 305 

None 


Eemarhs 


From 10, 1, ’00, to 10, 2'j, ’08, dog was given 
15 c c syr ferr lodid by mouth Histol- 
ogy Colloid gland 

Developed tetany 12 27, ’08, controlled 
by CaCls and save for tetany, in excel- 
lent condition 1, 26, ’09 


studies^ the body proceeds to accomplish this end by gradually inducing 
obliterating endarteritis accompanied by a lessening of the size of the 
veins and lymphatic channels from the gland so that these changes aie 
quite evident when the gland has reached the colloid state (This proc- 
ess has also been recognized and described by v Bruns,^ by Oelsner'* and 
De Lignens °) And, as is well Icnown, the administration of small doses 
of lodin (not m the form of desiccated thyroid) to normal or colloid 
glands does not occasion a noteworthy loss of weight Indeed, clinically, 
in dogs it induces an increase in weight "Whether these anatomic 
changes in the vessels accompanying the process of involution (rever- 
sion) may be interpreted truthfully as we have here hypothesized is for 
future experiment and observation to decide It is, indeed, ver}’’ sugges 
tive of such a physiologic role and ma}" be made use of in chnical experi- 
ments with advantage, as we have alread}' done, namel}, that of begin 
ning with very small doses of lodin in the hyperplasias and giadualli 
in Cl easing the dosage as the glands approach the quiescent oi colloio 
state We may add also that in exophthalmic goiter we baie u^ed the m ^ 
method and with it have not seen the u ell-known untovard e 


3 Bruns Beitr z klin Ohir , 1S96, -ci i, 521 

4 Work done under T Koclier and referred to bv him m ^ 
Cliirurg, 1008, Ixxxvii, 131 

5 De Lignens Dissertation, Berne, 1907 


f klin 
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either desiccated thyroid or of lodin, as these substances usually hare 
been administered in such cases Thus lodin has a poweiful drug ac- 
tion, this action varying uath the dosage and with the degiee of active 
hyperplasia of the thyroid and in its administration in all cases of 
goiter, whetlier in man oi ammals, two points should always be borne 
in the mind, viz (1) Small doses of lodin accomplish better thyroid 
effects than largei doses, whether the gland is normal, colloid or hyper- 
plastic, (2) and, while in normal or colloid glands large doses of lodin 
(not in the form of desiccated thyroid) usually have no untoward thy- 
roid effects, in the case of actively hyperplastic glands the dose must 
always be inverse to the degree of thyroid hyperplasia 

To sum up, then, we have observed 

1 The tendency of all active hyperplasias is to revert spontaneously 
to colloid glands, and this change is hastened or delayed by the presence 
or absence of lodm The amount of lodin given is of little consequence 
in normal and colloid glands, but of the greatest significance m the 
active hyperplasias 

2 The ability of the glands to take up lodin does not depend so 
much on the form, mode or amount of its administration as it does on 
the degree of active thyroid hyperplasia 

3 There is a minimum amount of thyroid tissue below which lodin 
does not protect against compensatory hyperplasia This limit is rouglily 
the same whether colloid or normal gland 

It IS probable that desiccated tlijnoid would further mhibit the hyper- 
plasia, though we have no experiments on this point Such a find- 
mg would add to the general belief that there are other activities of the 
thyroid than that associated with the elaboration of the iodized protein 

EXPERIMENTAL CONGENITAL HYPERPLASIA OP THE THYROID IN DOGS 

So far as is knoivn to us, HaJsted® was the first to produce and to 
recognize the experimental production of congenital thyroid hyperplasia 
m dogs His observations weie made m 1888-9 and included three lit- 
ters of goitrous pups fiom three different bitches All these bitches 
had had part of their thyroids removed (from one to one and a third 
lobes) prior to impregnation The thj'Toids were, in two litters, twenty 
times and, in the other, about twelve times larger than normal pups 
thyroids These pups^ thyroids showed no diffeientintion into colloid 
containing alveoli, as is the case in normal glands, but m general the 
alveoli were small, undistended tubular structures lined luth cubical 


6 Johns Hopkins Hosp Rep , 189G, i, 399 



D MARINE— G E LENHART 


265 


epitlielmm The whole structure much resembled that of the parathy- 
roid gland 

Following this, Edmunds" was able to get a similar result in one 
experiment Thus far we have seen no records of attempts to produce 
litters of normal pups from hitches which have previously given birth to 
goitrous ones, or vice veisa It is on this phase of the subject that we 
wish to record our observations 

Dog A-17 — A female dachshund admitted Jan 20, 1907, weight 5 4 kg Ex- 
cellent condition Thyroid lohes not palpable 

Jan 22, 1907 Under ethei anesthesia the right lobe was removed, weighing 
0 7 gm Excellent recovery Gross description of tlie gland removed Firm, yel- 
lowish translucent, colloid visible Noimal vascularity 

Histologic Diagnosis — ^Normal-eaily glandiilai hyperplasia lodin determina- 
tion not made (Specimen lost by accident) 

Jan 26, 1907 Wound healed 

January 26 to Febiuarj’^ 7 inclusive 200 mg of lodin were given in the food 
February 22, five pups were born, one still-born The subsequent histones of 
these five pups are tabulated in Table 3 


Table 3 — ^Pups of Dog A-17 



4d 




Portion 




o g 

•a 




of 

Histologic 

lodin 

Remarks 


ss 


o 


Thyroid 

Diagnosis 

i 

i 

Content 



, O 
, CO 

1 < 


Removed 



A-17a 

212 

i 

1 




Normal fetal 
thyroid 
Normal fetal 

7 

Still-born 

A.17^ 

210 

F 

3 dajs 

25, 2, ’07 

Both lobes 

Trace 

Died 18, 2, ’07 , un- 




thyroid 


able to nurse 

A-17-y 

290 

7 

9 days 


Left lobe 

Normal fetal 

Trace 

Died 4, 3 ’07 

' 1 
A-17S 

290 

F, 

1 

9 days 

3. 3, ’07 

Right lobe 

thyroid 
Normal fetal 
thj roid 

7 

Died 9, 3, ’07, 

1 ■wound infection 

A17e 

7 

M 

26 days 

Autopsy 

Both lobes 

Normal 

7 

Died 20, 3, ’07, ker- 
osene poisoning 


Dog was chloro- 


Left lobe of thyroid was removed at 
Abundant colloid 


March 15 Tlie mother had scabies, had lost some weight 
formed to death Weight at death 5 k 
autopsy , weight, 0 65 gm 

Gi OSS Description of Left Lohe — 'Yellowish, translucent 
Capsule and vessels normal 

Histologic Diagnosis — ^Pure colloid gland (goiter) 
lodin per gm , 617 = 4 615 mg lodin per gm fresh = 1 093 mg 
Dog A-10) — ^Mongrel fox terrier admitted May 16, 1907 Pregnan eig , 
7 71 kg Good condition The thjroid lobes were not palpable 
May 17 Five pups born 

May 21 Four pups alne and in good condition 
August 27 All pups 111 good condition 
The subsequent histones of these pups are tabulated belou 
September 7 Bitch impregnalcd h\ non goitcioiis fox errier 
September 10 Under ether anesthesia the entire rig > oie 
and approxiniatelv two thirds of left lobe, neighing 1 4> gm nere 


cm 


7 Daneet, London, 1901, i, 1451 













“ lODIN IN THYROIDS 

Gloss Description of Gland Removed —Yellovf 
Vascularity normal Capsule thin and delicate ’ Colloid abundant ^ ™ 

Histologic Diagnosis—Yuxo colloid gland (goiter) 
lodin per gm , dry = 2 739 mg lodin per gm , fresh = 0 510 mg 

September 16 Dressings removed Wound healed, had had no evidence of 
tetany 

October 21 Bitch pregnant 


Table 4— Pots of Dog A-104, First Litter 


Portion and 
Weight of 
Thyroid 
Removed 


Histologic 

Diagnosis 




Ether anesthesia 

Ether anes , died 
1, 1, ’08, tetanj 

Ether anesthesia 

Ether anesthesia 

Distemper — chlo 
roformed 

Ether anesthesia 

Killed bj another 
dog 

Killed by another 
dog (Kept as 
control ) 


November 9 Whelped four pups, the subsequent histones of which are tabu 
lated in Table 5 

December 22 Bitch in excellent condition 

January 4, 1908 Under ether anesthesia a part of the remaining portion of 
the left lobe, weighing 2 25 gm , was removed, leaving a piece of thyroid tissue 
about the size of a small pea The parathyroid was not seen 

Table 5 — Pots of Dog A-104, Second Litteb 


No of 

hSntii, 

Age 


Puppy 

Year of 

M 

Operation 

I 

1 1 

<0 

CO 



Pupl(T-73) 14, 11 ’07 Sdajs 
(Autopsy ) 

Pup 2 (T 96) 7, 12, ’07 28 days 

(Autopsy ) 

Pup3(T-97) 7, 12, ’07 28 da 5 S 
(Autop'y ) 

Pup 4 (T-2) 24, 12 ’07 45 days 

(Autopsj ) 


320 0 Both lobes, 
0 105 gm 

980 0 Both lobes, 
0 400 

910 0 B o t h 1 o b o s, 
0 303 

1 no Both lobes, 
0 450 


arlj gland Chloroformed 
hjperpla=ia (Control ) 
arlj gland lulled bj another 
hjperplasin dog 
arlj gland Killed bj another 
hjperplasin dog 
o d g 1 *1 n d lulled bj another 
hjperplasia dog 


Gross Description of Gland Removed —Quite firm and vascular and showed 
considerable regeneration of the thyroid beyond the old suture line Color red 

translucent Colloid visible , , , , ,nrhri deter 

Histologic Diagnosis— Colloid-early glandular hyperplasia 2so lodm deter 

mination 
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Jan 7, 1908 Dog died during the night of tetany Autopsy showed evidence 
of salivation Gastric dilatation Other tissues normal Eemaining piece of 
thyroid weighed 0 230 gm and on histologic examination the ligature was found 
to have included and caused necrosis of Avhat was probably the only remaining 
parathyroid 

Dog A-112 — ^Female mongrel, admitted Jan 11, 1908 Weight, 5 3 kg 
Nutrition good Thyioid lobes not enlarged 

January 12 Impregnated by a healthy fox terrier 

January 15 Under ether anesthesia the whole left and approximately two- 
thirds of the right lobe were removed The total gland removed weighed 4 15 
gms Good recovery 

Gross Description of Gland Removed — ^Dark red in color Moderate consist 
ency Colloid barely visible Lobes appear somewhat enlarged Moderately vas 
eular 

Histologic Diagnosis — ^Moderate glandular hyperplasia 
lodin per gm , diied = 0 332 lodin per gm , fresh = 0 078 
January IS Jaws slightly swollen, otherwise condition good 
January 20 Swelling of jaws had disappeared Appetite good 
January 22 Bandage and stitches removed Wound healed The dog re 
ceived no lodin except what might have been obtained from the food 

March 15 Two pups were born, one still-born, mother in good condition 
The histones of these pups aie tabulated in Table 6 


Table 6 — Pups op Dog A-112, First Litter 


No of 
Puppy 


Pup 1 
Pup 2 
Pup 2 
Pup 2 


,Pa> 




Portion and 



Month, 

Age 



Weight of 

Hi'tologic 

Remarks 

lear of 


s'e 

Thyroid 

Diagnosis 

Operation 


o 

CO 


Removed 


T), S, ’08 

0 

7 

280 0 


Fetal type of 

Still born 

(Autopsi ) 





hy perplasia 

Fed lodin , ether 

7, 5, ’08 

52 dajs 

M 

1 35 

Left lobe, 0 195 

Colloid 





anesthesia 

1, 6, ’OS 

77 dajs 

M 

? 

14 of rightlobe, 
0 100 

Colloid 

Fed lodin , ether 
anesthesia 

7,12 ’OS 

267 days 

M 

8 1 

Remainder of 

Colloid— mark- 

11,3, ’09, no tetany 



rt lobe.O 600 

ed gland hy 

no myxedema, 





perplasia 

normal 


March 25 Under ether anesthesia approximately one half of the remaining 
portion of the right lobe was removed Eecovery from operation good Piece re 
moved had a normal gross appearance 

Histologic Diagnosis — ^Pure colloid gland (goiter) No lodin determimtion 
March 2G, 9 a m Dog in nolent tetany Respiration 180 200 per minute 
Mouth gaping Pulse could not be counted Tongue protruding and o a i erv 
bright red coloi Profuse salnation Dog la^s on its side All muse on^ 
vith intermittent geneial tetanic seizures Was gnen 5 cc of a ^ ^ 

calcium chloiid solution in one-half pint of milk b% a stomach tube - I' 

dog uas able to valk, though aery veak f n ) id 

March 27 Repeated the dose of calcium chlorid with mils. o,, i 
slight muscular tvitchings Respnation 32 Pul':e 130 mnda"'' 

April 1 Calcium chlorid stopped Apparent recoiery from o anv 

remoied, together with stitches Wound healed , . j enf/' filnir' 

April 0 No cMdence of tetam, though fne davs haie cHp-ed =.ncc calm 

chlorid was stopped 
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July 3 Dog and pup in good condition No evidence of scabies but a i 
lactic application of sulphur ointment was given ' ™ ^ ^ 

September 1 Dog in excellent condition 
October 1 Sulphur ointment again applied 
October 15 Dog pregnant 

October 29 Gave birth to five pups 

October 30 One pup, weight 115 gm, chloioformed to death 
histologically normal 

November 2 One pup, weight 260 gm , chloroformed to death 
histologically normal 

November 3 Mother in violent tetany, given 50 c c of a 5 per cent solution 
of calcium chlorid ivith relief in two hours 

November 19 No tetanic symptoms since November 3 5 cc of calcium 

chlorid solution had been given daily 

December 3 Mother and three pups normal Had weaned the pups 


Thyroid lobes 
Thyroid lobes 


Summarizing these eases, we find that A-l^ gave birth to normal 
pups after one lobe had been removed and lodin administered The 
remaining lobe returned to the colloid state, while the first lobe lemoved 
was histologically a normal-early glandular hj^ierplasia 

In A-104 a litter of normal pups was born shortly after admission, 
then after nearly four months the dog was again impregnated and one 
and two-thirds thyroid lobes removed, which histologically were pure 
colloid glands In the second litter, the pups^ th 3 'roids were slightly 
enlarged and histologically were in a state of early glandular hyper- 
plasia The remaining portion of the mother’s thyroid had also under- 
gone hyperplasia 

In A-113, immediately after impregnation, one and two-thirds lobes 
were removed, which histologically were in the state of moderate glandu- 
lar hyperplasia Of the two pups born, one died at birth and its thy- 
roid was slightly enlarged and histologically showed only cylinders of 
columnar cells, with no evidence of colloid (fetal tyipe of hj'perplasia 
likened by Halsted to parathyroid tissue) The mother and pup were 
given lodin The pup was reared The second litter of pups from this 
bitch (A-112) was normal 

These cases, in so far as they show a repetition of Halsted’s results, 
are positive, but they are only suggestive of the inhibiting effect of lodin 
They do not elimmate the possibility and, indeed, the probability of 
other factors than lodm as determmmg the fetal thyroid reaction We 
believe that lodm is the greatest single factor, but that the general food 
and the general hygienic surroundings are also of great importance, 
since all the cases of congenital goiter examined show general nutri- 
tional disturbances, as anemia, bone changes, etc Such cases in human 
pathology have usually been included under "fetal rickets’ This fetal 
thyroid hyperplasia, so far as our observations have extended, seems to 
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be identical m its anatomic and physiologic characteristics with compen- 
satory hyperplasia following partial removal, and it is likewise identical 
histologically with the naturally occurring hyperplasias, whether of pre- 
natal or postnatal origin lodin has similar inliibiting and involuting 
(revolting) etfects in all these forms of hyperplasia 

Pmally, it seems advisable to add some account of the clinical 
phenomena accompanying these various anatomic conditions of the thy- 
roid, in order that the rather disconnected anatomic, chemical and gen- 
eial biologic data discussed on the preceding pages may be utilized for 
clinical inference Again the anatomic grouping must be followed 
1 Normal G-land ^ — Animals with normal thyroids obviously do not 
concern us 


2 Colloid Glands — Animals with colloid glands are, as a rule, 
adults (unless treated) and present no symptoms referable to the thy- 
roid, save that the glands aie usually enlarged, and, for this reason, one 
may observe mechanical (pressure) effects, although in quadrupeds this 
IS extremel}'" raie All animals (sheep and dogs) whose glands were 
puie colloid were clinically in excellent health This applies to the col- 
loid glands expel inientally piodueed (by the direct administration of 
lodin, by food or otherwise), as well as the natural occurring ones 

3 Hy pel plasms — The great ma 3 ority of all animals (sheep, dogs, 
cats, hoises, hogs and cattle) whose glands weie histologically in the 
state of active hyperplasia showed no symptoms which would distin- 
guish them from noimal animals by the ordinary methods of examina- 
tion This statement is of importance when one recalls that 90 per 
cent of the dogs and 50 pei cent of the sheep and cattle of this locality 
show liypei plastic changes of a gi eater or lesser degree On the other 
hand, theie is a degiee of lij'perplasia which, when present, is always 
accompanied by clinical manifestations These clinical manifestations 
aie of diffeient degrees, reaching their highest in the true cretins which 
die shortly after birth, thence shadmg off graduall}’’ to the limit of de- 
tectability We have used the term “^^cretinoid ’ m order to include the 


seveial degrees of seventy of the sj^mptoms 

All these annuals are young (calves, lambs or puppies) In tbe 
Moist foims the animals die immediate!)' after birth Such subject,, 
shov pooilv developed hairy coats (thin, coarse), a high degree o anc 
niia and deficient calcification of the bones but vith no reduction in 
subcutaneous fath tissue These animals as a rule haie ^ , 

larged thvioids of the glandular-vascular t)pe vith prornicn^ ^ 
glands, th)'mus and spleen In dogs, the most common '^Jurh 

faboiaton lunc been the less <^e\ereh aiTected mbjcct^ 
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would eventually recover spontaneously Farmers in Michigan have 
told us that lambs usually recover if able to suckle We have found the 
same to be true of dogs In these milder cases one notes the following 
characteristics The hair is dry, coarse and partially furred The 
palpebral fissure is narrow The eyes are weeping and dull The heart 
IS hypertrophied The rate is rapid and the beat forcible On slight 
exertion, back pulsation in the neck veins occurs and the thyroid lobes 
become acutely swollen with blood This may produce syncopal attacks 
in which the animal may die The epiphyses of the bones are enlarged 
The mucous membranes are very pale, almost blanched So far as we have 
observed, the appetite is good and the general body bulk is quite Oi 
above the average weight The gait is slow, unstead}^, awkward, and 
mentally they are extremely dull We have never obseived true ex- 
ophthalmos, although we have imagined in some eases that the eyes 
were slightlj'^ more prominent than in normal pups These two types 
illustrate the severest and the moderate degrees The milder form« 
down to clinically normal dogs show the same kmd of manifestations, 
the difference being of degree Excellent and much fuller descriptions 
of the phenomena in lambs and calves may be obtained from reports by 
Davis,® Seligmann® and Campbell 


8 Davis Vet Jour and Ann Comp Path , 1898, \lvn, 25 

9 Seligmann Ti Path Soc Lond , 1903 4, Iv, 1 

10 Campbell Tr Med and Phys Soc, Calcutta, 1833 4, vii, 1 



OBSEEVATIONS ON A CHILD WITH A GASTEIC FISTULA IN 
EELATION TO EECENT ADVANCES IN THE 
PHYSIOLOGY OF GASTEIC DIGESTION 

R S LAVENSON, MD 

PHILADEUHIA 

There is no field of medicine in which more activity has been dis- 
played in recent years than m the ph3^siologj of digestion Processes 
that had previously been considered of the utmost simplicity have been 
shown to be complex and intricate Both secretory and motor functions 
of the digestive organs have been demonstrated to be remarkably selec- 
tive and purposive and to be sub3eet to interrelations well beyond ou) 
previous conceptions Many of the newer discoveries have been the result 
of the activity of Pawlow and his followers, and of the methods devised 
by them, which permit a much more accurate determination of the func- 
tions of the digestive organs than had previously been possible Most of 
the facts that have been determined have been the result of animal ex- 
perimentation, though some observations have been made on suitable 
human subjects, they have not as yet been so numerous as to make further 
contributions to the subject undesirable With this m mind, I made 
search for an appropriate subject on whom to conduct observations 
As the majority of patients on whom gastrostomy is performed suffei 
from malignant growths, which would be likelj’’, through either their 
local or their constitutional effects, to cause gross abnormalities of the 
gastric functions, such patients would obviously be unsuitable foi tlie 
observations that I desired to conduct I succeeded in finding a snitablc 
subject in the person of a girl, 14 years of age, on whom a gastrostomj 
had been performed for a complete benign cicatricial stenosi'^ of the 
esophagus This procedure vas carried out eleven j^ears ago b} Dr John 
H Jopson, to whom I wish to express my obligation for brmging the 
patient to mj’^ notice The esophageal obstruction, which re=ulted froin 
the drinking of Ij'e, is situated at about the level of the bifurMtion m 
the tiachea The patient, living in one of the rural districts o ^ 

vania, has grown into vigorous adolescence, feeding hertclf hi ° 

small stomach-tube one end of which is inserted into the gastric 
The other end is tied with a string about the neck so that ‘ 

the tube is seen except when the patient eats During nica ^ 
takes onh of liquid and seraisolid foods masticating an -i' i * 
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the usual way until about tbiee ounces have been taken She then places 
the uppei end of the tube in her mouth and, with a slight volimtan^ 
effort at regurgitation, forces the food from the pharynx and esophagus 
into the mouth and down through the tube into the stomach This pme- 
ess IS repeated until the meal is completed The patient appaientlv 
enjoys her meals, and possesses the usual childish fondness for sweets and 
other dainties At my request, she was brought to the University Hos- 
pital, where I conducted the observations to be subsequently desciibed 
As IS almost too well known to warrant repetition, it was the le- 
markable work of Uawlow^ that has established, in great part, our pres- 
ent conceptions of the physiology of digestion Tor the propei eompie- 
hension of certain terms and references to be used in this paper it will 
be well to describe briefly two of the procedures instituted bj’' Pawiow 
One of these consisted in performing a gastrostomj'^ on a dog and subse- 
quently sectioning the esophagus m the neck, the gastrostomy wound 
was so treated as to form a permanent fistula, the lower end of the sec- 
tioned esophagus was closed and tucked an the wound, while the edges 
of the upper end, that communicating avith the pharynx, were stitched to 
the skin so as to form a permanent esophageal fistula By means of this 
combination of operations, communication between the mouth and stom- 
ach IS completely destroyed Though the dog can chew and swallow food, 
it passes out of the esophageal fistula instead of into the stomach At 
the same time any juice secreted m the stomach can be collected, nncon- 
taminated by food or saliva Teeding dogs previously operated on in this 
way constitutes a ^^Schemfutterung” or “false feeding” A second im- 
portant operation devised by Pawiow consists in establishing practically 
two gastric cavities The smaller of these, which communicates with the 
external surface of the body, is so separated from the larger cavity that 
no substances can pass from the one to the other Its nerve and blood 
supply are, however, retained so that any influence acting on the main 
stomach calls forth the same response in the smaller one As the latter 
communicates with tlie abdominal surface its secretion can be easily col- 
lected It was by means of this piocedure that Pawiow investigated the 
character, rate and amount of the gastuc secretion induced by vaiious 

foods 

Probably the most important fact established by Pan low was that 
there are two distinct classes of excitants to the flow of gastnc juice 
The first and most important of these consists of the psjnhic excitants, 
those which by appealing to one of the senses oi higher mental faculties 


1 Die Arbeit der Verdauungsdrusen, Wxesbndcn 1898 
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induce appetite and cause the flow of gastric ^uice A stimulus that ap- 
peals to the psychical processes by means of the senses of taste or smell 
might be called a psychic stimulus, one inducing appetite by a more 
indirect route, by appealmg to the mental processes by means of the 
senses of sight, hearing or touch, might be called an indirect, or asso- 
ciated, psychic stimulus In man, even the higher mental processes, 
memory and imagination, come well within the gioup of psychic stimuli 
The second group of excitants of gastric juice consists of the chemical 
stimuh — ^those that act only by direct contact with the gastric mucosa 
Incidentally, Pawlow showed that mechanical stimuli, previouslv 
thought to be of profound influence, are totally incapable of inducing 
gastric secretion 

1 had hoped to be able to demonstrate on my patient the efficiency of 
psychic stimuli in inducing gastric secretion, by appealing to the various 
senses with food and collecting the gastric secretion by means of a cathe- 
ter introduced into the stomach through the fistula I soon found, how- 
ever, that this was impossible Although the patient desired to lend her- 
self completely to the experiment, she could not overcome the fact that 
it was an experiment and distasteful to her This mental attitude was 
apparently sufficient to inhibit entirely the natural effect of these psychic 
stimuli The very fact that the stimuli are psychic makes them subject to 
untold variations, and any other psychic process working at cross-pur- 
poses to them IS apparently able to nullify them completely 

Pawlow encountered numerous instances of this nature in his work 
on dogs Many of the animals, by reason of their not taking kindly to 
the experiments, had to he discarded as totally unfit foi the proposed 
observations. Others that ordinarilj'- manifested a vigorous flow of gastric 
juice, when irritated or angered.oi otherwise disturbed, failed entirely to 
manifest the usual secretion 

The influence of the emotions on gastric secretion was stnkinglj’’ seen 
in some observations of Bickel and Sasaki - They had in tlieir laboratori' 
a dog with an esophageal and a gastric fistula, on which they had been 
malang false-feeding observations The animal, vliicli was not of an 
especially fiiendly temperament, vas found to work himself into a no- 
lent frenzy at the sight of a cat that happened to be brought into the 
laboratory Bickel and Sasaki used this phenomenon to demonstrate ilic 
influence of emotional excitement on gastric secretion In a control f. 
feeding experiment as ordinarily conducted, GO I cc of 
u ere collected m the first tweiiti minutes after the feedmu <~)n a u 

2 Bickel nnd Sa<=aki Doiitsch mod Wclin=chr m03, -cxx, 
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queBt day the dog was allowed to excite himself by watching the cat for a 
period of five minutes After he had become somewhat calmer, a false 
feeding was administered under the same conditions as in the control 

experiment, and in the same period of time but 9 c c of gastric mice 
were secreted 

Quite as profound was the effect of excitement in inhibiting a secre- 
tion already instituted The dog was given a false feedmg, and m 
the first five minutes after it 28 5 c c of gastric 3 uice were secreted The 
cat was then shown to the dog again for five minutes, and the secretion 
in the subsequent five minutes fell to 3 c c 

Bogen,3 in a senes of observations to be subsequently described, on a 
child 3% years old, found the same inhibitory effect to result from teas- 
ing the child or from inducing pain by means of an electric current 
It will serve as of historical interest, as well as a mark of recognition 
of the powers of observation of a remarkable student of physiologj, to 
state that in 1833 Beaumont^ observed the same influence in his studies 
on Alexis St Martin, as shown by the statement, in speaking of the gas- 
tric jmce “Fear and anger check its secretion ” 

The importance in clinical medicine of these “negative” psychic 
processes or emotions, which may work at cross-purposes to the “posi- 
tive” psychic stimuli to gastric ^uice, can not be overestimated When 
we realize their significance, the bearing that vorr}', anger, grief or ex- 
citement may have on the digestive processes becomes at once apparent 
Literature is not wanting in instances among human subjects of the 
effects of psycliie stimuli in inducing gastric secretion Even long before 
the days of Pawlow and his experiments, tins influence was observed by 
Eichet® in a patient with a gastric fistula, and probably even by Beau- 
mont It is especially as the result of the stimulus given to physiologic 
research by Pawlow, however, that observations on man have been con- 
ducted 

Cade and Latarjet® had under observation a patient peculiarly adapted 
to physiologic observations on gastric secretion She was a woman, 30 
years of age, who, during childhood, had suffered an accident resulting 
in a hernia of a small portion of the stomach Tins hernial sac ruptured 
spontaneously on the abdominal surface, 2 cm above the umbilicus 
Later, by the growth of inflammatory tissue, tlie mucous membrane of 
the smallei portion became totally separated from the mucous membrane 


150 


3 Bot'en Arch f d ges Physiol (Plluger’s), 1907, cwn, 

4 Beaumont Physiology and Eiipenraents, Edition 2, Burlington, 184/, p 

5 Bichet Jour de I’anat et de physiol, 1878, p 320 

6 Cade and Latarjet Jour de physiol et de path g6n , lOOo, wi, 
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of the laigei portion of the stomach As its blood supply and nerve sup- 
ply were apparently preserved;, the condition practically resulted in a 
humaU; peifectly functionating Pawlow stomach Aside from some lim- 
ited observations on the character of the ^uice secreted in response to 
vaiious foodstuffs, Cade and Latarjet were able to demonstrate the effect 
of psychic stimuli by collecting from the small stomach, during a con- 
veisation legardmg the patient’s favorite foods, more than twice the 
amount of gastric ^uice secreted during a similar period while the patient 
was at mental rest It is to be regretted that Cade and Latarjet did not 
make moie exhaustive observations, having such an exceptional oppor- 
tunity as they did 

Bogen conducted observations on a child 31/2 years old with a gastnc 
fistula and complete esophageal stenosis He found, first, that the masti- 
cation of meat coming in no wise in contact with the gastric mucosa 
regularly produced a secretion of gastric ^uice after a latent period of 
foui to five minutes The particular object of Bogen’s investigations was 
to determine the efficiency of associated psychic stimuli in producing a 
gastric secietion With this end in view, the child was fed with meat at 
a definite hour each day, and always under the same conditions Coinci- 
dently with the feeding, several blasts, always of the same tone, were 
blown on a small trumpet Finally, after this procedure had been re- 
peated something more than forty times in all, the same blast was blown 
on the trumpet and no meat was fed Of the ten times that the effect of 
this associated stimulus was tried, a gastric secretion similar to that 
obtained when the meat was fed was obtained seven times, in the lemain- 


ing tliree times no juice was secreted 

Quite as interesting an instance of an accidentally associated psycliic 
stimulus was observed by Bogen on his patient He found that after tlic 
feeding of meat had been repeated a number of times, occasional!}" a 
sudden vigoious flow of gastric juice presented itself some minutes before 
the meat was given Watching carefully for the cause of this, Bogen 
soon found that the stimulus to the flow of juice vas the sight of the 
nuise vho biought the child its food conferring with the experimenter 


preparatory to the expected meal 

A much more complete repetition of the Pawlow experiment® on an 
adult Mas made by Kaznelson" on an indmdual excejitionalh at an ct 
such obsei rations The patient had had a gastrostoni} perform e 
she Mas 15 }ears old on account of a complete benign ®teno-u^ 
esophagus resulting from the drinking of 1}C Wfiien ® lo i a 
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old, an esophagostomy was performed, resulting in a fistula of the upper 
patulous portion of the esophagus Subsequently a long rubber tube mth 
an upper funnel-shaped end was passed down through the pharynx and 
upper portion of the esophagus and brought out of the esophageal fistula 
file lower end of this tube was connected with a tube entering the gas- 
tric fistula, so that the patient was able to eat as a normal mdiridual 
would, the food, after mastication, passmg through the tube worn un- 
derneath the clothing, instead of through the esophagus The patient 
thus presented the same conditions as were instituted by Pawlo\r on 
animals for false-feeding experiments, and served verj^ well for observa- 
tions of this nature 

In these experiments, the lower end of the tube was withdrawn from 
the stomach, so that the food, after being masticated and swallowed, 
passed into a receptacle, instead of into the stomach Kaznelson was 
able to substantiate on her patient practically all the observations of 
Pawlow concerning false feeding The mastication of foodstuffs pleas- 
ing to the patient consistently produced an abundant flow of gastric 
juice The latent period was approximately five minutes The simple 
act of chewing did not call forth gastric juice Kaznelson found, in 
addition, as did Pawlow on animals, that in man the acidity of the 
gastric juice is approximately constant, but that the amount of secretion 
IS subject to great variations 

Timber® had similar positive results in a limited number of observa- 
tions on false-feeding in his patient with a gastric fistula and malig- 
nant stenosis of the esophagus He also had an opportunity of observing 
the action of an associated psychic stimulus, when his patient suddenlv 
presented a vigorous flow of gastric juice on seeing several pieces of bread 
and butter unintentionally placed near his bed In his patient. Umber 
found the latent period to be but three minutes 

Hornborg® had under observation a 4-year-old boy with a gastric 
fistula and almost complete occlusion of the esophagus, on whom ho 
conducted experiments similar to those already described He was un- 
able to demonstrate the efficiency of visual stimuli in producing a gas- 
tric secretion This circumstance he attributed to negative psychic 
stimuli, such as I have described, for when the child was shown food, 
but was not permitted to eat it, he at once became angry and began to 
cry There was, however, always a vigorous flow when the child was per- 
mitted to chew food that he liked, although none of it came into contact 

with the stomach 


8 Umber 

9 Homborg 


Berl klm Wcbnscbr , 1905, xlii, 56 
Skand Arch f Pbysiol , 1903, xr, 209 



R 8 LAVEN80N 


277 


Bulawinzew^® conducted a senes of observations on hospital attend- 
ants ivitli apparently normal digestions Test meals of uniform com- 
position "were given them, and the acidity and digestive power of the 
juice removed by means of a stomach-tube were determined Subse- 
quently the subjects^ appetites were excited by appealing to them with 
stimuli actmg on the senses of taste, sight and hearing, after which 
another meal of the same composition was given, and the acidity and 
digestive power of the resulting gastric juice again determined Bula- 
winzew came to the conclusion that psychic stimuli play an important 
lole in the pioduction of gastric juice 

The observations of Pawlow that have apparently found least sub- 
stantiation in the experiments on human beings are those concerning the 
effect that mastication has on gastric secretion Pawlow concluded from 
his experiments that mastication was poverless to provoke a gastiic 
secretion His experiments consisted m feeding stones to dogs possessing 
both esophageal and gastric fistula The observations on man have been 
conducted almost exclusively by means of the stomach-tube The inves- 
tigators who defend the stimulating action of mastication differ as to 
the particular feature of mastication that exerts the stimulating effect 
on the gastric secretion Sticker,^- as the result of his observations on 
normal subjects and those with digestive disturbances, concludes that the 
saliva induced by mastication is the potent factor Biernacla^- attributes 
to the saliva a subordinate role, and looks on other undetermined factors 
associated vuth mastication as the important ones in mducing the flow 
of gastric juice, wliereas Biegel,^* Schule,^^ Eiegel and Schreuei and 
Trollei^® look on the act of mastication itself as the potent factor m 
inducing the gastric secretion Troller, in his remarkable series of inves- 
tigations conducted on himself, liis associates and his patients, shoned 
conclusively that saliva is not a factor in inducing gastric secretion 
This he did by permitting patients to chew and insalivate a meal of defi- 
nite composition This was not swallowed, but spat out into a leceptacle 
Latei it vas introduced, bj’’ means of a stomach-tube, directly into the 
stomach Wlien subsequently vithdiawn, it was found to Iiaie produced 
less secretion than when the same meal was chewed and immediafcli 
swallowed 


10 Bula'vvinzew Russk Tncli, 1003, Xo 17 Rof Biocliom Ccntnlkl 
XI, 593 

11 Sticker Simml khn Vortr {Volkni'inn’s),_lSS7 ^o - / 

12 Biornicki Zt-schr f klin , 1S92 xxi, 97 

13 Ricfiel Mimcrien men Wchnschr , 1899, p US 

14 Sckule. Dcut^ck Arch f khn 

15 Ricpel and Sclircucr Zt^clin f di itot n p iv=i 
IG Troller Zt<=clir f khn Med , 1S99, 
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From the results of the investigations mentioned, there is no doubt 
that the mastication of food produces a more vigorous secretion than 
would result from the introduction of the same food without the inter- 
vention of the act of chewing I believe, however, that the observers 
have somewhat misinterpreted their findings It was found, especially 
by Troller and by Hornborg, in his observations on his little patient with 
the gastric fistula, that the chewing of substances of which the patient 
was fond always pioduced a greater secretion than did the chewing of 
an indifferent or a tasteless substance, such as rubber or lemon peel 
This IS a very definite indication that there was something else than the 
mere chewing that in part, at least, induced the gastric secretion This 
something was undoubtedly the agreeable taste of the substances, which 
produced a desire on the part of the patient to complete the act of eating 
them This desire is nothing more than appetite In other words, it is 
the psychic stimulus inaugurated through the sense of taste which in- 
duces the flow of gastric ]uice In regard to the flow induced by the 
chewing of tasteless substances, it is not improbable that in this case the 
more or less conscious association of the act of chewing with the process 
of which it is commonly a part, eating, results in a psychic stimulus to 
gastric juice This association may be thought improbable by reason of 
an observation of Cohnheim and Soetbeer,^^ who found that the act of 
sucking m new-born pups induced a flow of gastric juice However, the 
pups on which these observations had been made were born at night, 
and, as they were not taken from their mother until the morning, it ib 
probable that, the pups having obtained nourishment by sucking during 
the night, the act of sucking became associated with nourishment and 
thus resulted in a psychic stimulus Again, it is not improbable that, 
just as sucking is an instinct, so is the association of sucking and noui- 
jsliment inherited 

Having encountered the obstacle that I have described in making 
observations on psychic stimuli with my patient I turned to observations 
on the chemical stimuli In order to obtain an insight into the func- 
tional activity of the stomach as ordinarily computed, an Ewald test- 
breakfast was administered, the resulting gastric juice showung a total 
acidity of 63, free hydrochloric acid, 36 The experiments, lasting in 
all fourteen days, were conducted in the latter part of the afternoons, 
about five hours after the patient had eaten The stomach was first 
well washed out with water by means of a small stomach-tube witli 
numerous perforations The stomach was then allowed to become pei- 

17 CoIrniTeim and Soetbeer Ztscbr f physiol Chem , 1903, wmii, 46 i 
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fectly quiescent before any substances were introduced The hist observa- 
tion was on the effect of plain, moderately cool, distilled water One 
hundred cc were introduced through a tube in the fistula, and at the 
end of ten minutes 40 c c were recovered, possessing a total acidity of 
9, flee hydrochloric acid, 8 This experiment was repeated seveial 
times, as were almost all the others, with practically the same results 
in each case, except for slight variations in the amount of fluid recov- 
ered From this it is seen that water is a definite chemical stimulus to 
gastric ^uice in man, this substantiates one of the facts determined by 
Pawlow in his work on dogs This effect of water must be kept forcibly 
in mind in considering the results of the remaining observations, foi, 
as all the substances administered weie dissolved in water, the secretion 
called forth by them must be compared with that induced by a similar 
quantity of pure water The low degree of acidity obtained in this, as 
in the remaining observations, is, in all probability, the result of the 
short time that the flmds were left in the stomach 

In order to determine the influence of the administration of hydro- 
chloric acid on the gastric secretion, ten drops of dilute hydrochloric 
acid dissolved in 100 c c of water were introduced Ten minutes latei 
66 c c of fluid were recovered, possessing a total acidity of 19 , free 
hydrochloric acid, 17 As the acidity of the solution of ten drops of 
dilute hydrochloric acid in 100 c c of water is equivalent to 9, it is seen 
that the acidity of the fluid recovered from the stomach was practicalh 
that induced by 100 c c of water plus that of the acid introduced Hav- 
ing repeated this experiment several times with approximately the same 
result, I believe we are justified in concluding that hydrochloric acid 
itself, introduced into the stomach, does not induce a secretion of gastric 
juice 

The influence of native albumin was determined b} mtioducing 4 
grams of egg-albumm dissolved m 100 c c of v ater At the end of ten 
minutes 34 cc were recoiered, possessing a total aeiditj of 10, free 
hydiochloiic acid, 7 It is thus obsen^ed that the influence of a colution 
oi egg-albumin is practically onlj that of an equivalent araoimt of v atei 

Quite a different result attended the introduction of a colution of 
beef-extract Four grams of one of the commercial beef-iuices neutra 
wed and dissolved in 100 c c of water were introduced, and at tie on 
of ten minutes 70 c c were recovered, possessing a total 
flee hjdiodiloric acid, 22 "VTlien compared with the aci ii ^ 
gastric juice induced b} an equal quantih of water it i= rea< 
ciated how powerful a chemical stimulus of gastric juice 
are Just what the nature of these =ubstaiicc= is has im. -c 
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mined These observations aie all m harmony with the lesults of Paw- 
low^s experiments on the chemical stimulants of gastric secretion in dogs 
he observations on the effect of the bitter stbmaehics (tinctme of 
nux vomica, tincture of gentian comp ) were exceptionally mteresting 
Introduced directly into the stomach, they induced no more acid juice 
than would the same amount of water as that which was introduced with 
them When, however, they were given five to ten minutes before a 
chemical stimulus (solution of beef-extract), they regularly caused a 
greater secretion than when the lattei was given unpreceded by tlie 
bitter furthermore, a bitter stomachic taken into the mouth caused a 
greater secretion than if it were introduced directly into the stomach 
The most vigorous response I obtained was in a series of obsei rations 
in which the acidity resulting from a solution of neutralized beef-extract 
was Total, 33, free hj'diochlorie acid, 23 When preceded by 4 grams 
of tincture of gentian comp, introduced directly into the stomach ten 
minutes before, the secretion lose to, total acidity, 38, free hydroehloi ic 
acid, 26 When the same quantity of gentian was taken into the mouth 
and kept in the pharynx and upper pouch-like portion of the esophagus 
for ten mmutes preceding the introduction of the beef-extract, the acid- 
ity rose to, total, 53 , free hydroelilonc acid, 40 I subsequently attempted 
to have the patient take the bitter into the mouth and then introduce 
it into the stomach to determine whether the combined action was more 
powerful than either one mdividually, but the bitter taste was so objec- 
tionable that I could not persuade her to do so From these observa- 
tions, though not earned to the conclusion that I would desiie it seems 
evident that bitter stomachics, principally by reason of their action dis- 
played in the mouth and pharynx, have a stimulating effect on the secre- 
tion of gastric juice Their action locally in the stomach, though not so 
profound as the former, is, nevertheless, definite 

Several observers have come to the same conclusion in regard to the 
stimulating effect of bitter stomachics JBomsow® found that uhen he 
preceded a false feeding in dogs by the application of a bitter stomachic 
to the mouth and pharynx, over a period of a few minutes, the resulting 
gastric secretion was more than 30 per cent greater than occurred wlien 
the false feeding was not preceded by the application of the bitter 
Hoppe,^° and also Straschesko,^** found that a bitter tonic, of itself, in- 
duced no secretion, but that when it preceded a false feeding it aluays 


18 Eornsow Arch f exper Path uPhannakol 1904, h, 303 
m TTonne Berl khn Wchnsebr, 1905, xxxiu, 1038 

20 Straschesko Russk Vrach, 1905, quoted by Hoppe, Berl klin Wclinselir, 
1905, xxxiii, 1038 
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lesulted in an inci eased secietion of gastiic juice Kaznelson, in hei ob- 
seivations on a human subject, came to the same conclusion 

Pawlow, and subsequently several other observers, found that alkalies 
inhibited gastric secretion It was impossible, in my patient, to make 
any reliable observations of the effect of alkalies on secietion. It was 
of interest, however, to determine their action in regard to gastric mo- 
tjlity A solution of 3 grams of sodium bicarbonate in 100 c c of water 
was introduced, and at the end of ten minutes 9 c c of a solution pos- 
sessing neither free nor total acid was recovered The bearing that this 
obseivation has on gastiic motility will be discussed later 

Several othei observations, though not of so much significance as 
those alieady mentioned, are elmically or physiologically of some intei- 
est Tea, generally employed as an element of the test breakfast, was 
found to have the same effect in inducing secretion as a similar quantity 
of water Yarious commercial preparations of pepsin were introduced, 
but were found to have no more effect than that of the amount of water 
introduced with them Pinally, a nutrient enema was administered 
while the stomach was empty, and within the fiist fifteen minutes after 
its adniinistiation 13 c c of rather viscid gastric secretion was obtained, 
possessing a total acidity of 15 and free hydrochloric acid of 11 A 
similar result was obtained by Umbei with his patient 

In addition to the beaiing that the foregoing observations have on 
gastiic secretion, seveial of them permit of interesting deductions on 
some of the phases of gastiic motility We are indebted, to a great 
extent, to Cannon^ foi our present conception of the action of the pyloric 
sphmctei and the contiol that it has on the emptying of the stomach 
Cannon’s experiments have sho-wn that when food is intioduced into 
the stomach the pjdoius closes and remains closed until the necessary 
conditions are instituted for its periodic opening These conditions are 
established by the reaction of the contents on the gastric and duodenal 
sides of the pjdorus An acid reaction on the gastric side and an alkaline 
leaction on the duodenal side tend to open the pylorus, whereas an acid 
reaction on the duodenal side and an alkaline reaction on the gastric 
side tend to keep the pylorus closed It is readily appreciated how 
nicely this mechanism harmonizes with the secretory functions of the 
stomach and duodenum Wlien food is taken into the stomach it is 
retained there until a portion is sufiBciently acidified and, we can assume 
also peptonized to be leadj for intestmal digestion, when tlie pyloius 
opens and lets this portion through into the duodenum Here, by reason 
of its acid reaction, this acidified portion tends to the closure of the 


21 Cannon Am Jour Physiol, 1907, xx, 283 
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pylorus until the alkaline pancreatic ^uice and bile sufficiently change its 
reaction to induce the pylorus to open again By means of this mechan- 
ism the food 18 held in the stomach until gastric digestion is sufficiently 
advanced, and the duodenum is protected from the danger of having an 
overwhelming amount of acid chyme poured into it at one time This 
mechanism apparently sufficiently explains the operations of the pyloric 
sphincter under normal conditions, and when the reactions on the two 
sides of the pylorus are different, that is, either acid on the duodenal 
side and alkaline on the gastric side, or alkaline on the duodenal side 
and acid on the gastric side 

It does not, however, give an insight into the relations that are main- 
tamed in those conditions in which the same reaction, either acid or alka- 
line, IS present on both sides of the pylorus Under these circum- 
stances the behavior of the pylorus must depend upon whetlier the pre- 
dominating influence rests in the stomach or in the duodenum It is on 
this phase of the subject that the observations described above throw 
some light 

It will be noted, on comparmg the secretion resulting from the 
intioduction of the acid solutions and of the allcaline solutions that 
much larger amounts were returned from the acid than from the alkaline 
solutions After a penod of ten minutes but 9 c c weie recovered from 
the stomach after the introduction of an alkaline solution, wheieas, 66 
c c were recovered after the introduction of an equal amount of an acid 
solution These observations were repeated a number of times, with 
variations of but a few cubic centimeters from the figures given If the 
reaction on the gastnc side of the pylorus exerted the predominating 
influence, it would be expected that the acid solution would tend to more 
frequent or more prolonged opening of the pylorus and, consequently, to 
the passage of a proportionately greater amount of fluid into the duode- 
num than occurs after the mtroduction of the allcaline solution, which 
V ould, according to the same hypothesis, tend to keep the pylorus closed 
I believe the phenomena that I have observed to be best explained on the 
following hypothesis 

"When an acid solution is in the stomach the phenomena of pyloric 
discharge observe the mechanism described by Cannon By reason of the 
acidity on the gastric side the pylorus opens and a portion of the acid 
contents is shot into the duodenum Here, by reason of the same reac- 
tion It closes the pylorus, though acid may still be present on the gastric 
^ide' This, then, is an indication of the greater influence of the reac- 
hon on the' duodenal side, when the reaction on both sides of the pylorus 
^ ^cid and the relatively slow discharge of the stomach contents is due 
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to the tnne coii'-umod in nciitinh/m^ ihc iiciditN in liu* duodtMiuni 
'\Mien lio\\e\er, {he reaction on the 'r«‘-inc Mde of tlic jnloiu- i'^ alka- 
line. as in the iniioduction of a Hilution of «-odnnn bicaihonatc. tlie 
original opening of the p\loni‘; can. oh\ion‘-ls, not dep' nd on a(idit\ in 
the p}lone aniniin A ])oi{ion of die ga'-tne ouni'nl^. innc{ he di'-thaiged 
into the p\loni« in ''pite of the alkaline m? non on ilie ga-inc ‘•idc A‘- 
soon as it arrnc« in the dnodcinim n- •il’-t nK alkaline reaction cnin- 
bincs iMtli the alkaline lendion of {he dnorltnal •-(creiion and tend' 
to either the frerpiont or {he ]>rolonLo d ojm ning of the p\loiii' and a*: 
a result, a nuieh kiigoi ainonnt of llnul ]ia‘-- s into tlie dnoddiuin in a 
gnen period of (line than nhen a iiKoe .u id '>'ilnnon i** {ir«>ent in tlic 
stomach From tine draw the <on(hi‘-ion tied if (he leaetion on 
both side= of the pNlonic 1= alkaline the rent non on the dnodennl ^ide 1^ 
again the picdoniinanng one 

If onr rcn=onniir tlni- fai 1= emnet ('ind I !»i>li(\e tint i( mn‘'t he 
to explain the phemomena oh'^ercedi we ma\ "o e\en farthei If the 
reaction in the duodemim i« the ]>iedomina{inu one wlnii the ‘•aine 
chemical rcaciion 1= jiment on both ‘•idc* of the ])\loni«. and if (as =ccms 
l)e\ond doubt, from the woik of ('annon and othei iincxiigatoi-) jt ]<; 
the predominating one wiicn the leulion 1= alkaline on one “^idc and 
acid on the other, then the jnohlem ro=ol\e-, it'.olf into the icaction pre- 
\ailing in the dnodcntim hnng the controllnii: element in the pUonc 
methani-m and the reaction on the ga^tiic ‘•ide being of sceondan im- 
poitanco 'J'hic lnpotho=is fiiuF come ‘:uh=tantiation in the icccnt cxperi- 
meiits of Foster and Lambcit,** who were tillable to hasten etacuation 
of the stomach bt nicrensing the gactnc aeidilt without altenng the 
chemical reaction in the duodenum rnnnon. howetci. wn'; able to delat’ 
etacualioii bt dcciea^ine the ncidiit of ‘•olid food intioduccd into the 
stomach 

A': the ob‘=crvatioii‘; fiom wbuh the foicgoing conclusions have been 
drawn weie made entiich with the ticc of liquids it ma"^ be tliat the 
behaMor of the p) lot us tow aid liquids is diflerent from its behavioi 
towaid solid= Cannon belietcs ibis to be the case and presents as a pos- 
nble explanation the view that liquids do not excite the ptloiic tonus 
that IS manifested when solid food i'' ingested It appears from the evi- 
dence presented abote, howevci, that liquids of acid leaction and tli^e 
inducing a secietion of consideiable amounts of h3'drochlorie acid 
excite p 3 doric tonus !Moreovei, seveial clinical facts suggest the 
behaMor towaid solid food, in diseased conditions, as 
above for liquids One of these is the lelatne ficqupnc3^ wi i wiici 


22 Foster and Lambert Jour E-vper Med , 1908, x, 820 
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of simple anacidity or aeli3dia gastrica, without malignancy, are asso- 
ciated with rapid emptying of the stomach and persistent diarrhea only 
to he controlled by correctmg the gastric secretoiy deficiency, and not 
less frequently are observed cases of hyperacidity with delayed emptying 
of the stomach, improving when the hyperacidity is reduced 

With the hope of observing the motor behavior of the stomach toward 
liquids, especially watei, a cystoscope was kindly introduced by Dr B A 
Thomas through the fistulous opening in my patient when the stomach 
was filled with water, but nothing more than the intermittent opening 
of the pylorus could he observed It has recently been asserted by Cohn- 
heim^^ and others that when water is swallowed, instead of entering the 
fundus, as solids do, it enters a small gutter formed by a horse-shoe- 
shaped band of muscle along the lesser curvature of the stomach, run- 
ning from the eardia to the pylorus He maintains that, even wlien the 
stomach contams food-masses, water does not come into contact with 
these, but, running through this gutter-like channel, passes immediately 
into the duodenum This view is scarcely in harmony with the observa- 
tions of the stimulating action of water on the fiow of gastric juice, and 
no such formation as has been described could be seen in my patient b} 
means of a cystoscope It must be granted, however, that in this in- 
stance water did not enter at the cardia, as in normal individuals Cohn- 
h fi lm ’s claim is somewhat substantiated by the anatomic investigations of 
ICaufmann,-^ who describes this horseshoe-shaped bundle of muscle run- 
ning from the cardia to the pylorus 

This leads us to consider for a moment the motor functions of the 
stomach and the arrangement of foodstuffs when taken into it Though 
Grutzner-® has shown the fallacy of the old idea of a general admixture 
of all food taken into the stomach, his views have, as yet, received little 
general recognition Among the more recent woikers to substantiate 
Grutzner’s claim is Pi-jun The investigations of these two experi- 
menters were carried on by feeding animals with foods of different con- 
sistency or different color, killing them at various periods of gastric 
digestion, and immediately freezing or coagulating the stomach and its 
contents According to their observations, in the fundus, the portion in 
which active acidification and peptonization occurs, there is a distinct 
layer-lilce arrangement of the food In general, the first food taken as- 
sumes the outermost position, that is, next to the mucous membrane 

23 Cohnlieim Muncben med Wchnsclir, 1907, ]iv, 2581 

24 Kaufmann Ztsclir f Heilk, 1907, xxvin, 203 

25 Grutzner Arch f d ges Phjsiol (Pfluger’s), 1905, cm, 403 

26 Prym Munchen med Wchnsehr , 1908, Ir, 57 
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Thai Mih=C(j\ionth taken hos nr;n<r (ho n ni<„’* nf the cnit^ '( In^' liohU 
{me if nil tiic fjxxl inkon i*- of ihe ('/)n<-!‘.t( nt^. oi if ilint iir-( iaken 
IS the more ilind If (ho more ‘-ohd (lenuni^ me (alcen fu-t an<l ‘-nh-e- 
quenth (he more lujtnd. the wtue-like mnnnn of tlio fniulnl ]ioil’on of 
the >'(o]nn('h-\\all foiof'^ (ho ‘■olxl iinrli(h- mojo nml moio towaifl (ho 
ccntoi of the (omu ‘•n ihn' <‘\(n{nnlh tlio moio flincl jioiiion'- of the 
conicni<^ accumc (lie ponphiMnl pn-num Hnlx i])n=o poiiinn- in cojiiart 
^Mth ihe nlncon^ enrfaro of the ={onr»o]i Itooomo ainlinod and prj>ioni/fd 
Tho^e jiort’on'' farthest fiom the mitfon- nirmhrano loinmn iOialh nn- 
acidificd foi (on-ulor^hlo junod^ of (inio 

In con‘-idonnir (h^ moi]hi\ of (ho ‘-loni'ulj. (lie fnndal and jnlonr 
portion^ intisi he (niKnlop'd a*' tjm(e di'-iiiui Tioin the tune tiiat (he 
food cn(er« ihe ‘^ionmth. thme i‘' n ptnih> w.uf like motion mnninrr 
from the eardia ifo\ \rd tin p\!om<; H !ii^ oNt* ml- (o ihoiit (wn-ilmd- of 
ihe di^-tance fioni (ho f'lrdin io (he ptloni^. nluu* (he annum ptloii 
tomnuiue^ 'Ihm wavodiko motion iriadmilh <-\\frp- (ho ])iiiphdal poi- 
tioii of (lie oontdit^ of tlu fundu'; \\hi(h h'uo Ixm aeidified and lique- 
fed into ihe nntnini johtri At the heirinnnio; of (lie nntinni p\loii, ihe 
(ironlai hand of nni=ele liKonie- mufh (liukei and. ]»\ li- foKihle con- 
iraetion jiraofiealh diMdre the ciomndi (aM(\ in(o two distinct clinm- 
licr= the aninini jnlori and (he fnndti- 'Die an(nim p^Ioll. con‘5i‘-iing 
of ihe p\loiu ihiid of the ‘•(omneh e\liibi(«, in‘-icad of Him nlinost con- 
innioim wnAe-like aclion of ihe fnndal poiiion. an inieiniiiionl. e\ticme- 
]\ forcible coiiiiaciion which fouet; lis neidihcd conioni'? inio the cluo- 
donmn when ihe p^lo^lm tcIoac^- 

li m inicicsiing in eonneclion with ihe^c ncwci ohcenntions io note 
the following remarks winch weie wnilcn b} AVil^on Phihp'' almost a 
centnr} ago and ha^e nppaionih entnoly c'caped ihe ntteiiiion of lecent 
Walters 


When the foro"oing pxponnicnt is con'^idcrcd it will appear, either that t lo 
food last icceivcd into the ‘•lomach is ao\cr mixed Mitli that already there, an 
«lnch has more or lc«s iindergono the action of the gastric fluid, or if they e 
mixed togethci, that the stomach has the po^^cr of again separating t lem, re 
taming tlic one and propelling the other into the intestine These fac s m 
me to make some experiments on a large scale, for the purpose of 
TMth gicat accuracy the process which takes place in the stomacli, wi lou 
it IS impossible to iindoi stand the nature of the symptoms which arise r 

With this view I examined the stomachs of about a hundred and 
immediately after thej’- had been killed in tlie usual way, w ic ^ were 
the back part of the head, at various periods of digestion The following 

the results 


27 Philip, A W Wilson 
1822, p 31 
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Ite fiist thing that strikes the eye on e-s-amining the stomachs of labhits 
wiiieli have lately eaten is, that the new is never mixed with the old food The 
former is always found in the center, surrounded on all sides by the old food, 
except that on the upper part between the new food and the smaller curvature 
of the stomach there is sometimes little or no food If, as we ascertained by 
more than twenty trials, the old and the new food be of different kinds, and the 
animal killed before a gieat length of time has elapsed after taking the latter, 
the line of separation is perfectly evident, so that the old may be removed with- 
out disturbing the new food To ascertain this point we fed rahbits on oats, and 
after making them fast for sixteen or seventeen hours, allowed them to eat as 
much cabbage as they choose, and killed them at different periods, from one to 
eight hours, after they had eaten it 

On opening the stomachs of rabbits three or four weeks old, who both sucked 
and ate green food, we always found the curdled milk unmixed with the green 
food Before the stomach was opened we could, from its transparency, see where 
the green food and where the milk lay 

If the old and the new food be of the same kind, and the animal be allowed 
to live for a considerable time after taking the latter, the gastric fluid passing 
from the old to the new food and changing, as it pervades it, renders the line of 
separation indistinct So that on a cursory view we should suppose the old and 
the new food mixed together, but toward the small curvature of the stomach and 
still moie toward the center of the new food, we And it, unless it has been very 
long in the stomach, undisturbed and comparatively fresh All around, the nearer 
the food lies to the surface of the stomach the more it is digested This is true 
even with regard to the food in the small curvature, compared with that nearer 
the center, and the food which touches the surface of the stomach is more digested 
than any other found in the same part of the stomacn, but, unless the animal has 
not eaten for a great length of time, the food in contact with the surface of the 
stomach is in very different stages of digestion in different parts of this organ 
It IS least digested in the small curvature, more in the large end, and stil} more 
in the middle of the great curvature 

The foregoing observations apply to the cardiac portion of the stomach, the 
food in the pyloric portion is always found in a state very different from that 
just described It is more equally digested, the central parts differing less from 
those which lie near the surface of the stomach It is evident, however, that all 
the change effected in the stomach is not completed when the food enters this 
portion of it, because we find it more digested the nearer it approaches the 
pylorus, where, being ready to pass into the intestine, it has undergone all that 
part of digestion which is performed in the stomach 

It appears that in propoition as the food is digested it is moved along the 
great curvature, where the change in it is rendered more perfect, to the pyloric 
portion Thus the layer of food lying next the surface of the stomach is first 
digested, and in proportion as this undergoes the proper change, is moved on by 
the muscular action of the stomach, that next in turn succeeds to undergo the 
same change As the gastric fluid, to a certain extent, pervades the contents of 
the stomach, though apparently in no other way than by simple juxtaposition 
for the arrangements of the food, above described, we never found disturbed, the 
change in each part, which in its turn comes in contact with the stomach, is far 
advanced before it is in actual contact with it, and consequently is soon after 
this in a proper state to he moved on toward the pyloric end 

Thus a continual motion is going on, that part of the food which lies next to 
the surface of the stomach passing toward the pylorus, and the more central parts 
approaching the surface, whether food is ever so digested in the small cunature 
as to be sent to the pyloric portion without liaaing traversed the large curvature, 

I have not been able to ascertain When rabbits ha\e fasted sixteen or eighteen 
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of the ';toninch-C'iMt\ cnniaui': onh tlic \scll nculirinl and peptonirod 
portion^ of tlic ingested Tnntcn.il. it would he expected that ilie din”erent 
portion® of ilie ®ioniac]i-oontcnt® would ie\enl \niMng degicc® of neiditv 
and pepiic nclniix In\c=(igations ha\c pio\ed thi® to ho ennoct Sick 
In mean® of a ®tomnch*tnhc the lowci end of wliirli could be opened at 
will, found that the 'Uidit\ of tlie fundnl and pi lone poifions of the 
gastric contents ditrored at dilTeieni pciiods of ga®{nc digestion Shorth 
after food is taken, the acidii\ of the fnndal contents is tho gicatei , 
later in the proees® of digc®lion tlic acidity of the ptlonc icgion exceedb 
that of the fundus 

ilore recentl} Landciei-'’ has shown siniilni condition® to exist in 
the peptic aciu'ity of the fnndal nnd p\loiic contents At first, that of 
the fimdtis is the greater, later, that of the pylouis becomes the greater 

Taussig and Itn=h'’° have studied the boaiing that this separation of 
the fundal and pyloiic poitions of tlie sloninch has on the interpreta- 
tion of a test meal They found that the amount of gastiic contents 
obtained when the patient was m tlie sitting postuie was usually much 
less than that obtained wdien the patient was fiist in a sitting position, 
then lying on the back, and finally lying on the light side In the two 
latter postures they obtained from 17 to 65 c c more than con c e 
obtained in the sitting posture Finally, by intioclucing a knowm quan- 
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tity of water, tlaey recovered from 11 to 64 cc of contents tliat could 
not be recovered by any of the foimer procedures In studjnng the 
acidity of the first two portions removed fiom a series of 38 cases aftei 
an Ewald test breakfast Taussig and Hush found them to be approxi- 
mately equal m eleven instances The fiist portion vas decidedly moie 
acid than the second in fourteen instances, the reverse being true in three 
instances In one case a difference of more than 60 m the total acidity of 
the two portions was observed Taussig and Eush believe that their ob- 
servations destroy, to a great extent, the value of the results obtained by 
the administration of a test meal I tlnnk that they take too unfavorable 
a view of the subject In the vast majority of subjects, by manipulating 
the stomach-tube, a certain amount of nausea can be produced, and, as 
tins induces a tendency to vomit the reiersed peristalsis incident to tins 
act will cause a faiily uniform admixture of all portions of the stomach- 
contents 

It has long been known that m various circumstances the regurgita- 
tion of bile and pancreatic juice into the stomach occurs Beaumont no- 
ticed that the introduction of oil into the stomach of his patient caused 
the appearance of this phenomenon It is only zeeentlj^, however, that the 
constancy of this regurgitation undei definite conditions has been well 
established Boldyreff®’- observed that m dogs the introduction of oil 
01 of any strongly acid solution regularly induced a regurgitation of 
bile, pancreatic juice, and suceus entencus from the duodenum into 
the stomach, and that tlie same phenomenon occurred occasionally when 
the stomach had been empty of food for a considerable period of time 
and no oil or acid was introduced 

Investigating the frequency of this phenomenon in man, Volhard®" 
was able to demonstrate the presence of trypsin m the stomach aftei an 
oil test meal in 86 per cent of the cases studied Eatibel,®® in a similar 
investigation, obtained a positive result in but 70 6 pei cent of his 
eases He thinks it probable that this low percentage can be accounted 
for by a technical inaccuracy in his trypsin estimations Lewinski®* had 
positive results in practically the same percentage of cases as did Faubel 
When, however, he neutralized the gastric acidity before the introduction 
of the oil trypsin was found in all the cases More recently, Molnar^’’' 
observed regurgitation of the duodenal secretions after the introduction 
of oil into the stomach in 48 out of 50 cases Tlie two patients in 
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Mhom li (lul not oceiii ‘-ulYoicd ^MUl ('artinnmn of iho p\lnin‘- if (In- 
conslanc\ of ilio phenomenon '^nl»‘*lnniniiofl i( nnn prn\e (o he of no 
little ^aluc m the diatrno'Ji^ of oh‘'tinction«' of the paneuatic and eoin- 
mon hilo (lnct=:. and it i- not mipn^ihlc that fntiire eluhoratiotm inaN 
inalcc it of n«‘:i‘-tanrc in the diannoci*- of fnmtmnal flernnueinenl^. of the 
panel ca=; and li\ci 

K\l\ 

Suniinaii/ing the le^nli^ of the <'p(nin<‘nt- and ohM’natinn« that 
lla^o appeared in the Ineratnre end tho-e that 1 ha\e eondin ti d v.e niaj. 
sa\ that the iinpoiianie of p<~\e}iu ‘•Jininli in the proiliifimn of fra‘-tne 
jiiiee n'5 dciennined h\ IVnlow and in atiiinal^- apj)lK“ equall} 

ncll to man 'I'lie^e p‘-\(iiic •'iimnli mn% hi » inn(‘ni'*ni]\ ( hi'-'ihed a-? 
po=itne and netratue ro’-itne j>=\<h!( ‘-ini.nli no tlio-i* ^huh indme 
a lloi\ of enj-tne ^niee X<”iti\e ‘-tuindi (’f “-o pirndo.ual an 

expre^-ion he pernii'-^ihh 1 me th*' e »\hi(h inhioit o^ nnnnl a LM-im 
^ccietion r^uhie ‘^tnuoh h'dU and n'‘:'tr.t inn. oi’i:«nat« 

in the hnrhci meni i] piod-'--- a- nu>roj\ 'uid im'enrition us, i- mon* 
nsiinl. ilie\ m.n come from n’l1,M»il 'ind nijinejii*' ‘-'fr»tion h\ 

appcaliii" to am one of the fne 'rho-. i-iu’nili lOiieh miliieme 

cactiic «cciction h\ anjiniinc to th<‘ ‘•nw- of I i^f.. oi !! nri\ he 
called diicci ]i«\(hu ‘•timnh ihoM* th u .ut tiiroimh the rOihi r ‘•i n*-! « or 
originate in hii'liei nuntnl nro(i-'~ in.*N W' edh d nidireel oi n-'O. 
ciated p=\chic =umnli 'I Iik due inh lui- <'f •"I'-n-u ‘•.*u«tion on p-vihieal 
pioce5=e^ and ‘'tiinnh iKnui;'- ihe fonmihni‘>n of t]>e .-t lO'ment that 
appetite i^ the enioiionnl exjin-i-ion of tlie group of jdn iiomeiia of which 
the scciction of ga'.tne time la tl-e ]»hi-n d i xpri ‘■'•ion 

The incfhanieal .ut of ehuuinr •■fenis lo ho powuh-- to indiae n 
acLietioii of g,i;.iije juice if the nf of duwnu' h'H'oin.“. muitalh a‘-' 0 - 
ciated with the ]iror(a- of i ilmg agn'eihle ftwd it jnohahh i*' capaide of 
md icing a flow of eiialrie jmee 

I'lic liiinian atoniaeli ajipeua to hehn\e in the une wav towaid ehem- 
ical Etnnnli a^ dors the doge pfonnnh d\alei is a dennile thoiigli not 
a poweifnl atimulnc to gactue ncielion Ihdiothloiu nud la not a 
atimnhia lo gaaliic acoietion Kgg-iilhiinnn dnea not indnee tlie aoeic- 
tion of anj more ga=tnc iniee than doea an e()nal amount of watci. The 
same 1 = tine of tea and fommeieinl piepaiation- of pcjiam Ikof 
extracts are poweifnl alininli lo the ‘•oeiction of ga^tue juieo 

Bittei stomachic^, though of llioniaehes incapable of indiienig a 
secietion of gaatiic jnico, when ndininisteicd piOMOiis to a snlistnncc 
winch docs induce a scciction of gamine juico, aie capable of inci casing 
tins seeieiion They mnj', m other w'oids, he looked on as scnsili/cis of 
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gasiiic secietion Tins sensitizing action is manifested Mdien the stom- 
achic IS intioduced diiectly into the stomach oi Mdien it meiel)^ remains 
for a time in the month and pharynx Its action seems to he moie 
poweiful in the latter case than in the foimer 

It appeals probable fiom tlie ohsei rations I liave made on the eifecc 
of the mtioduction of acid and alkaline solutions into the stomaeli that 
the predominating influence in the contiol of the pei iodic opening of 
the pylorus is exeited by the chemical leaction of the contents on the 
duodenal side of the pyloius Though the chemical leaction prevailing 
on the gastiic side of the pjdonis is of impoitance in the pyloiic mechan- 
ism, it IS distinctly suboidmate to that on the duodenal side This hy- 
pothesis explains the slow discharge of gastric contents of high acidity 
and the more rapid discharge of gastric contents of low acidity 

As observed by Wilson Philip almost a century ago, and as more 
recently detennined by Grutznei, Pi3'm and others, the food in the stom- 
ach of the lowei animals undergoes a lajei-like arrangement the 
liquid food and the solid food first introduced take a peiipheral posi- 
tion, next to the mucosa, while that intioduced later takes a more 
central position As the portion next to the mucosa is peptonized and 
liquefied it is suept b}'’ the wave-like motion of the fundal wall into the 
antrum pylon preparatory to being ejected into the duodenum, when the 
next layer in the fundus comes into contact with the mucosa to he sub- 
jected to the same process Though it has been impossible to repeat 
these observations in man, the same phenomena in all probability occur 
in the human stomach 

The regurgitation of bile and pancreatic juice from the duodenum 
into the stomach after the introduction of oil into the empty stomach 
seems to oceui with great constancy in nonnal individuals If futuie 
observations show this to be correct the phenomenon may prove to be 
of great clinical assistance m the diagnosis of affections of the pancreas 
and liver and of their excretory ducts in particulai 
1218 Locust Street 
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vas very s iglitly acidulated and boiled to remove the protein The coaa- 
u able protein was then filtered off, sufficient sodium chlorid added to 
make the filtrate of 0 9 per cent stiength, and the filtrate lendeied ster- 
ile by boiling As a control foi this method of piocedure tlie fiesh 
adienal glands of a normal dog were ei.ti acted in exactly the same way 
Before using this latter extiaet it was diluted to one in ten, so that as far 
as the amount of the substance extracted is concerned the tumor extract 
should be two and one-half times as strong per equal volume 

These extracts were tested for adrenalin in three ways, as follows 

1 Effect on the Blood-Pi essw e of Two Noinicd Bogs — Tiaeing 1 is 
the result obtained on the first dog tried The animal v as in good condi- 
Iwn and was kept under light but constant anesthesia The different 
solutions were injected intravenously as indicated in the tiacing It is 
to be noted that in eveiy case the intravenous injection of the tuinoi 
extract produced a very slight rise, followed by a marked fall in 
the blood-pressure This pieliminary rise is no more than is caused by 
an equal amount of physiologic salt solution, as is shown by the tracing 
The fall in the blood-piessure is similai to that produced by ex- 
tracts of all organs except the adienal and tlie hypophysis Boi a control 
of this experiment, injections of different-sized doses of adrenalin chlorid 
vere used It will be noted that the injection of 1 cc of a 1 to 30,000 
solution produced a striking rise in the blood-pressure, when compared 
with the slight initial use after the injection of the tumor extiact or of 
the salt solution 

Tracing 2 was taken on another dog, using the same tumor extiact 
as in the first dog, but instead of using adrenalin chlorid as a control 
the adrenal gland extract referred to aboi e was used In this case 50 c c 
of the tumor extract were injected at one time This is noted at 9 
(Tracing 2) This caused a marked fall in blood-pressure without any 
initial rise As a control for this experiment 0 5 c c of the extract of 
the adrenal gland were injected (11, Tracing 2) This pioduced a 
marked rise in the blood-pressuie, typical of adrenalin It can be seen 
from the size of the dose of the tumor extract and of adrenal extract that 
the dose of the former wms relatively two hundred and fifty times as 

large as the latter . 4 i 

£ The Fwg’s Eye Test —This test was described by Ehrmann, uho 

appears to be the first to apply and describe this test It depends on the 
property of adrenalin to stimulate tlie plain musculature that is inner- 
rated by the sjmpathetic nervous sjstem The test consists of taking t le 
enucleated eye of the frog and placing it m the solution to be testec n 

Path u Pliaiin , 1905, hii, 97 
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the presence of very small quantities of adrenalin the eye of the fioa 
shows marked dilatation Bhimann asserts that by this test adrenalin 
can be detected in a dilution as high as 1/10,000,000 Several tests vero 
made of the tumor extiact aecoiding to this method A record of one of 
these tests is as follows 


Substance Tested 
Adren Cl 1/50000 
Adien Cl 1/100000 
Adren Cl 1/500000 
NaCl (09%) 

Tumor extract 
Adrenal gland extiact 


Dilatation of Ej e 
Complete 
Complete 
Complete 
No dilatation 
No dilatation 
Complete 


Time Eoquiied for Effect 
10 minutes 
18 minutes 
60 minutes 
Up to four liouis 
Up to foui hoiii s 
30 minutes 


It Will be noted that this test was entiiely negatne, m fact, the size of 
the pupils placed in the tumor extract actuall}’^ decreased 

8 The Colorimeii ic Test — A lather delicate chemical test for the 
jiresence of adienalin is the colorimetiic one first desciibed and applied 
by Comessatti “ This test is made adding to the solutions to be tested 
equal amounts of a solution of mercuric chloiid In the piesence of 
adienalin the solution turns pink, the depth of the hue depending on 
tlie amount of adrenalin This test does not appeal to be as delicate, how- 
ever, as til at with the frog’s eye, foi we could not get a positive leaction 
in a dilution of 1/500,000 of adrenalin chlorid, a strength of which is 
easily detected by the ej'^e test By this test the tumor extiact gave en- 
tirely negative results, while tlie adrenal gland extract gave a stiongly 
positive reaction 

SECOND TUMOE 


This tumoi was received fiesh and was treated in exactlj the same 
way as the other tumor, with this one exception, namety, that it was 
extracted for twelve hours, as against six for the foimer Boi contiol of 
this extract another adrenal gland extract was piepaied in exactl} the 
same wa}'' as the timior extiact Tins gland extiact was also diluted to 1 
in 10 as in the former ease 

Tracing 3 gives the lesults of the iiuection of these extiacts on the 
blood-piessuie in a dog In this case on the injection of 30 c e of the 
tumor extract theie was a slight initial use m the blood-piessine fol- 
loved by a maiked fall Heie again the initial use caused by the tumoi 
ex'tiact IS no moie than that iiioduced by the same amount of salt solu- 
tion An injection of 3 c c of the adienal gland extiact piodiiced a leiy 
maiked use in the blood-piessuie This is shovn at 4 and 6 m Tiacing 

jMunclien med Welinscln , 1908, h, 1020 
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THE TJJllW HEART SOU^D 


I THE FREQUENCY OF A THIRD SOUND IN' NOR!MV.E INDIVIDUALS AND THE 
CONDITIONS UNDER WHICH IT IS OBSERVED 

We have studied a limited number o£ healthy patients who had 
entered the hospital foi tiiiial surgical complaints, a nuiiibei of noiiiial 
hoys and giils of diffeient schools, as veil as a senes of plijsieally healtln 
individuals at the city ]ail “ These obseriations Have been in some 
lespects rathei suipiising I have examined altogethei 231 consecutive 
individuals, m 65 per cent of these subjects undei the age of forty the 
thud heait sound was present This sound, howevci, is laieh audible in 
the erect posture, it is present commonly in the dorsal decubitus and is 
almost alwais cleaier in the left lateial position, wheic the apex impulse 
IS moie evident Its fiequenc-y vanes in an inteiestiiig mannci accoid 
mg to the age of the mdnidual Tlie fiequeiiey with which the thud 
sound vas heaid in these 231 individuals when arranged accoidmg to 
decades is shovn by the accoinpanj mg table and chart (Fig 1) 

Iable Shoeing the Frequeacv of the Third Heart Sound in Two Hundred 
AND Thirti one Normae Indimduals 

Decades 1 2 3 4 5 (> 

Cases 39 90 53 CO II 7 

Percentage of cases Mitli thud sound 58 9 84 4 50 9 42 3 14 0 

It may then safely be asseited tl at the eaily diastolic or thud sound 
IS a normal phenomenon m a large pioportion of young individuals 

A furthei analysis of these cases shovs that in eier} decade except 
the fifth, in whicli there veie but 14 cases, the aveiagc pulse late va^ 
somewhat slower among the cases in uhicli tlie thud sound vas audible 
than among those m v Inch it was not heai d 

Caidiographic and tiacmgs liaie been taken in a iiumboi ot 

cases In all instances these si on a lathci inaiked piotodiastolic eleva- 
tion on the caidiogi am They do not, howeiei, show as constant an h 
vaie as was indicated in my eail> tiacmgs 

It may then safeh be asseited that the earh diastolic oi thud sound 
is a noimal phenomenon in a laige propoition of 3 'oung mdnicluals 

II WHAT IS THE CAUSE OF THIS PHENOMENON ’’ 

While these ob«cnations do not lustifi j^ositne conclusions on tliu 
point, the} liaie on the vhole stiengthcned me m the feeling that vas 
cxpies'^ed last leai that the sound is piobabh the icsult of a sudden ten- 
sion of the initial lahe occuirmg vith the fust imush of blood at the 

2 Foi the pni liege of oMiimiing tlic^e jiiiMuiors I am indebted to the toinlesi 
and kindness of Di G L ilkins 
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TEE TEIRD HEART 80VED 


1 In positions in ^^Inch the apex is especial]^ accessible— -i e on th^ 
back and left side 

% With a rather slow pnlse, which means a laiger volume of blood 
3 During the first slow beats of expiiation where, beside the influ- 
ence of late, we have the presence of more blood as a result of the 
increased aspiration into the lung during inspiration 
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Fig 2 — Jhiid heait sound ( pi oiodiastolic gallop) Noiwdl heait The 
upper tracing is fiom the lugular vein, the midclle tiacing is the ape\ cardio 
gram, the lowest tracing is fiom the biachial aiteii Die tiniei registeis tenths 
of seconds 

Sloieovei, in pathological conditions one might expect the diastolic 
impulse and sound to be more maiked 

(a) In conditions in which the quantity of blood entenng the ven- 
tricle in diastole is exceptionally large 

(b) Where the filling of the ventricle is unusually lapid 

(e) Where the leiitricle, owing to changes m the walls or a dimin- 
ished vasculai tonus, is unusually distensible or dilated 

Kow (a) the conditions under ivhich an mei eased quantity of blood 
enteis the lentncle in diastole are especiall} aortic and mitial insii/fi- 




302 


THE THIRD HEART SOUND 


have been long in the recumbent postuie is due to the fact that a large 
amount of venous blood has accumulated in the splanchnic vessels 

In eases of dilatation of the left ventiicle, udiich are commonly asso- 
ciated also with a relative mitral insufficiencj, the condition is, as is well 
known, especially common In all these conditions, with the piesence of 
gallop ihjthm, tlie protodiastolic elevation on tlie eaidiogiam is maiked 
With regard to mitial stenosis, in whicli, as is well known a thud 
sound IS veiy common, the condition is not always analogous In some 



Figuie 4 — Protodiastolic gallop rliitliin Mitral insiifllciencv Tlie uppeiniosi 
tiacmg IS from the jugulai vein, the middle tracing is the apev caidiogiam, the 
lovest tracing is from the biacliial artery 

cases associated uith msufficienc}' in whicli the stenosis is not of bigb* 
degiee, tlie conditions, as has been jiointed out, are such that snnilai 
manifestations might be expected, and this is the ease In otlieis an 
opening snap, oeeninng apparently lathei earl}'’ is audible vitliout a 
definite piotodiastolic shock In cases of extreme stenosis it is pos'=ible 
that the tension of the \ahes giving rise to the cound may occur as 
a icsult of pressure fiom abme in association with the diastolic lelaxation 
of the %entiielp as uas suggested by Potam With this exception, liov- 
01 Cl il seems higlih piobablo that the noimal and pathological earh dins- 
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■-n ill'll tli»‘ ‘- 01111(1 III dill t<i ,i Kiitldi 1 ) < aih diii-toln (( mioii of iiir iiuiial 
\ah(' li- *ri(.il(i fiMjUiniv in tin niuuilnui postnip iiimlil CiT'ih 1>(’ 
oNjiiaiind I)\ (Ik- mtiiai-n} (iiiinlilx of Itlood wlinli imni ifinii iH<‘ i<'fl 
licaii m dm jui>-i(i(in owiiiji (o (Ik* niou* fmoinldt' toiidiiion*' foi xomni'- 
iinw 111 < oniiit lion \\idi dm (jiimlion 1 him* tlif di'-iiini ini]nt"'*-i<)n 
that llir t-oiind n moio nuiiKcd in iiidn idiiiil- wlio liavr hern in (hi* (noti 
po’-iuKi and who lie down foi (he <*\iimination (han in dunt; wlm lia\o 
h(‘(‘n lon^ei in dir* !(*( nnihriif pmiiiK* In dic'-r la'-i'N Ihr m'iioun flow (o 
the Iioaii ina} well he in(iea*-ed on the Iml ehanjze nf ]) 0 ‘'i(ion owing (o 



304 


tee third HEIRT SOUND 

the elevation of the extremities, an increase winch, aftei a time, mmlit 
disappear as a result of the accumulation of blood m the abdominal ves- 
sels In a few cases 1 have compared the heart sounds of patients in the 
doisal decubitus with those heard when the legs and aims were held by 
attendants in an elevated position The elevation of the extiemities has 
seemed to me distinctly to increase the intensity of the sound 



0 


Figme 6 — Protodiastolic gallop rln'thin Mitral and aortic insulliciencj llie 
uppermost tracing is from the jugular lein, the middle tracing is the apev ciidio 
giam, the lowest tracing is from the brachial artery 

rv WHY SHOULD THE SOUND BE MOBE MARKED IN THE LEFT LATER VL 

POSTURE^ 

The answer to this v ould seem to be simple enough The slight and 
almost constant diiference between the frequency with uhich tlie sound 
IS heaid m this position and in the dorsal decubitus ma} neli be accounted 
for by the greater accessibilit}' of the apev and by the fact that the 
entrance of blood into the ventricle does not in tins position take place 
against gravity 

In addition to tins it may be tliat the apex systolic murimii com- 
monly heard in 30ung individuals in the recumbent and cspcciall) m the 
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left lateral po-'ttire. in peri'ectl\ noniial hcart^;^ inn} rcpicsent, in some 
instancc= a flight fnintional initial in‘-nfl!cicnc\, in mIiicIi case the 
greater frcqncnc% (»f the '^onml in tlu'-e pr>-itu)n‘i v.onld be easily 
e>:p]i cable 

In coneh.'=inn ibo'C f<b‘-t r. atnni^ lunibl sfiin to jii'-tifs tlic following 
assert ion=* 

1 The third lu.irt ‘•onnd }>r(*-int in tin in.’jo it) of jonng indi- 
Mdnnls in tlic rceuinbiiil and lift 5'itf»ral no^nm 

2 hi‘=' ^onnd inn iid! h' dn* . '’-> tir-l ‘-.i -tal b\ Tlir-iliftldei and 

later. indep^nduiiU. i*. CiibM>n j>nd in>“ if. to ilu “^udd* n tension of the 
anncnloientncnh’r .> »- -idj o' ih{ ut'-i of blood fioin 

aurictc into ntr.do in di^i^toh 

n Pntho](ii!ic \11\ th>* -o,jnd i- fr- on* ni m (onditions in 

i\hich the f]namit> of id^od *nt« rnit* tin \«n;r.d.- in. in the .nnide 1 =: 
c-pcc‘inlh lirae, *n \dnd d e di'-foh j* nnn'•n’h^ i ip'd. in ^^^'uh there 
ic a loneri-d \n.tr‘<nl”r jonn- o~ d In tion of d e \(ntijd(' 'I he mo^^i 
strilnnir rMiinnh w i-/ <-.nditjon< sr.- ''Oijn »'nd mural iiunfiiucnci. 

conic inctiiK(- of -hudit m it.*'! cf, > ttorhnud ’..uh in=uri'eicne\, 
adherent p^ruardlunu m\oiaT<hil •.Hi'm-- uid diht’tmn of the \en- 
Inclo 

•j A prot'tfl’ ■‘-tolie L''l!<<n. •luri'ou. u mn '><; a j>'’lhn]og]caI 
inanifcslation 

lOG C'UlKtral Fttf<e 
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THE THIRD HE LRT SOUND 

the elevation of the extremities, an mciease winch, after a time mmhl 
disappear as a result of the accumulation of blood in the abdominal Ce=- 
sels In a few cases 1 have compared the heart sounds of patients in tlie 
dorsal decubitus with those heard when the legs and aims veie held b\ 
attendants m an elevated position The eleiation of the extiemities has 
seemed to me distinctly to increase the intensit} of the sound 



j 


4 


/ 


I 


-J 


X I 

t 1 


T 



Figuie G — Piotodiastolic gallop ilijtlim Mitral and aortic lnsu^iclenc^ llie 
uppeimost tracing is from the jiigulai Aein, the middle tracing is tlio npc\ caidio 
giam, the lowest tiacing is fiom tlie bracliial arteij 


IV WHY SHOULD THE SOUND BE MOBE MABKED IN THE LLET LVTLRM 

POSTURE 

The ansvei to this vould seem to be simple euough The slight and 
almost constant dilfeienee between the frequenc} nitli vhich the sound 
is heard in this position and in the dorsal decubitus luaA veil bo accounted 
foi by the greater acccssibilitv of the apex and b} the fact that the 
entrance of blood into the lentriolc does not in this jiosition take place 
against graiity 

In addition to this it ma} be that the apex systolic niurmui <-0 com- 
inonh licard in loiing indniduals in the recumbent and e=pecialh in the 
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left lateral postmc in pciXeclh noiinal licaitSj may repiescnt, in some 
instances, a ''light functional initial incuniciciic}, in nliicli case the 
greater freqncnc} of the sound in ihc«c positions would be easily 
explicable 

In conclusion, the'c ob'cnatioii" would ‘-cein to .lu'^tif} the following 
assertions; 

1 The third heart sound n ]>re-cnt in tin' }na3ont^ of \oung indi- 
viduals in the rccuinbeni and loft lat^r-il pn^-turo 

2 This cound nia\ well be duo a" lli^t cu'jin 't/'d Ilir'chfeldor and 
later, indepcndenth, b\ Gii'^on and m\‘-i'li to the -udden tcn=ion of tlic 
auriculoicntnculnr lahc- a'' a n-nh of thf» dr-t ru'-h of blood from 
auricle into icntncle in dnniole 

3 rathologicalh, ibc =onnd n r-pKialh frinurnt in (ondifioin in 

winch the qnantit} of Idood fni'“>rni’: *.5,,. from the aurnle i^ 

cspccinlh large, m wlnels ti,( dia^-tob j- ,tm:‘^uaji\ w'-jud , in whuh tin re 
is a lowered ^cllirKn]nr ioio,;- or dilat-'t'on of ii ^ %.ninele 'J m mo?t 
striking O' amph = of tlu.'' eondu.oni. f'ti -oit'r.'nd mi'.r.d in-ufiieKiu'*, 
some instances of -liiihi milrd ‘•l-’u-ii' romb,’'''d ni'-nda i* nt \ 
adherent pcne,iTdinm, nnoc^rdw'] otii’m - and d’kt''t'on of the wn- 
tricle 


4 A protod’reiohc irdh>]', tlur.'foro, j-' n-d 
manifestation 


'' ;< p’tholo'ded 


40G Cotiicdml Strcrl, 



THE EPEBCT OE TUBBEOTJLOSIS ON THE HBAHT • 

F M POTTENGER, AM, MD, LLD 

MONBOVIA, CAt 

A good heart is one of the best assets possessed by a patient suffering 
from jinlmonary tuberculosis From the earliest infection by the tuber- 
cle bacillus it is more or less disturbed in its action, and as the focus of 
infection grows larger the effect on the heart becomes greater The 
dsleteiious influences which react on the heart are many and fiom 
varied sources The heart problem increases in complexity as well as 
in importance as the disease advances in seventy Wlule it would seem 
thar, vith the present-day loiowledge of tuberculosis and the means at 
our command for making an early diagnosis, we should see a greatly 
diminished number of cases of advanced tuberculosis in the future, vet 
I fear that it will be a long time before tuberculosis will be generally 
diagnosed early, and I do not doubt that any Imowledge that may be 
added bearing on the condition of the heart in advanced infections will 
be welcome and of clinical value 

There are many difficulties in the way of giving an opmion on the 
condition of the heart in individuals suffering from tuberculosis, espe- 
cially those suffermg from advanced tuberculosis The position of the 
heart in the chest is altered, the pulmonary circulation is embarrassed, 
changes occur in the systemic arteries as well as the heart itself, blood 
pressure is altered, the relative intensity of the heart tones is changed, 
numerous murmurs appear at the various valve areas and numerable 
adventitious sounds are heard Without bearing these facts in mind 
many erroneous opmions ivill be given 

The first change that occurs in the heart and circulatory system is 
noted as soon as the infection is of sufficient grade to cause clinical 
sjTnptoms This is an acceleration of the pulse It is probably of toxic 
origin and is associated with a lowenng of the blood pressure due to 
the action of the tubercle toxins on the vasodilators This quickening 
of the pulse may be slight, in which case it would perhaps be noted 
only after exertion, or it may be marked and even show when the pa- 
tient IS at rest The causes which operate to quicken the pulse during 
the course of pulmonary tuberculosis are many The rapidity is in 

•Read before the Sirteentb International Jfedical Congress, Budapest, Hun 
gary, Aug 29 to Sept 4, 1909 
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j)arb doubtless a plnsiological resi^oiiso on ilic pari of ilie heart to cora- 
pensate for the lou euug of (he blood prcssine caused h} the dilatation of 
the arterioles, in pait due to n lack of pouci on the pait of the hcait 
muscle itself resulting from the action of to\in‘- or because of ovei- 
icork, in pait due to a stnnulaiion of the Minpathctic hbcis in the 
chest and doubile^ in part due to the niteifeiencc iMth the inhibitoiy 
action of the vagus 

As the di=C'i=e jtrogu^'-r- and tin .U'tion of the to'iiis bofonic': inoie 
manifest, gencial inu-uibir v I'-tinu ivum- in vlneh the heart mU'clc 
bears its snare ’Jben li i*'' that we tind tho irroat^'-t elinnge- in the 
blood pressure Onp'i'nni the fell in pu—uro v. e find, carh in the dis- 
ease. injierinipbic ohange*' in ibe right Miitmlo. and bder, (juite often, a 
Uiickeniiig of the arterial waP*' 

Haling noistcvl a thukemni: «f the art' r.e! ual!~ in main eases of 
adianced tubcuuin-i> I d, < ’d, li lo hnd out lu-v miur.'l it i«. lulii the 
result ac noied in ''Jalde 1 In the fit-t piac. 1 found it mon com- 
monl} in patient« aho h*’d ‘■uftred from tie d'-'a'^c for ni'Mi. ctai-, 
coii'^equenth in those in wliom the fibroid lorm <h tho di>e'":c juedom- 
inated I do not doulu th -t thofO’/ the j'rohug.a d '^<tion of \\/ ik 
toMns on the iC'=e1 11011“: Thi^: opn>N.n l <up].oit*d hi ’fahtc 1. ».]iuh 
shows the comparatiie ft»*qa*iu« of nalpihh* -riiru' in tho-o lil k'': 
than one icar. from one to two ifi-- i-iul inon thin tv.o icari. 


TAnim 1 — ciui.rw. uu (<>•')>•< i.ni \i ”n «} i:o’U' p 1'\ 

TH ^T‘. Muo 3?\M JJJ* in M > ** ) H*’ J >" •>'» -.Jo 

wit il<<> ! ■jm’« 'l\<<as* a<' it \t ”»'t t<5 1''“!)'’;' 3>>J 

„ „.J» J.-tJe, , ,< P'lMnr, — — - - 

Condltton o£ IlnllnlB Ix’'''? 'I i’ln 1 If t J to j Tlnnalt”'' 

Palpnblc IS -’o < " 

Non palpable 1 Cl 


I took a* an index to ihe condit'on of the ‘'rienil \iall= the condi- 
tion of the radialc. and dcterimiud iilirilttr o' not thg were }>al]>ahh“ 
either after ‘•tupping the ic''“:el from hflou ujni ud with tlie ond 
finger of one hand and from ahoie doiiniiaid v uli the “-loond finecr of 
the other liand and then ucing the fir-t tinee- to do the pilpalint: of 
the empti ir=sel, or ni p.aljiiting ihe ic--et v.'mle tho hlood was >-hut 
oft fiom the artery by the (uft of the hlood pir--uio apnai ituc Ycii 
inexact data mil be obtained urilrsc (he eolumn of hlood i*- fii'-t expro^^-ed 
from the arier)’. 

Analyzing the hlood ])iC‘“-‘'nH of the KA’ (a“-(- hole H'j)U “-rnted, iie 
=00 that there were 11 fiist-*-t'ige tact^ mth an aieiage ])r< -“•uie of ‘•v-tolu 

1 St.inlon’fi spill {'moni.inonietor u.is ii'-od in innlonK llio blond ]ire‘'“inro ob 
-creations recorded m tbis ropmt 'Jbe a\era”(' blood pre''‘-vno of 20 beallbi 
adults taken under the same ronditions sbnwed s^^lolu' l')0, ditwlolic 110 
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EFFECT or TUBERCULOSIS OX TEE BEART 


rektirelj lo^ pressure If Bore the mfiaenee eserted by the pal- 
Fible arteries (^re mdiide only the 130 cases in Stage HI), shall see 
That the average pressure in the S3 cases m irhieh the artenes trere pal- 
pable tvas; systolic 105, diastolic 76. irhile that of the 47 cases where 
they were nor palpable was : systolic 102, diastolic 75. That this condi- 
tion of the arteries is not influenced largely by the age of the patients is 
very evident from Table 2, for of those who had pdpable arteries none 
were between the ages of 13 and 20; 21 between 20 and 30, 45 between 
30 and 40: 20 between 40 and 50, and 7 between 50 and 65. And of 
those whose arteries were nor palpable 11 were between the ages of 15 
and 20; 35 between 20 and 30; 16 between 30 and 40. 6 between 40 
and SO, and 1 between 50 and 65 


TABLE a — CovDixiov Or the Aetxxies Accoemng to Age 

15 to 20 20 to 20 30 to 40 40 to 50 

Conditions of Arteries Tears Tears Tears Tears. 

Eadials Palpable 00 21 45 20 

Eadials not Palpable ..11 So W G 

ZsTow, if we note the eflect exerted by myoearditrs (m this class I 
placed only those who showed marked clinical signs), we shall note the 
opposite efleci The average pressure in the 62 cases in the third stage 
showing myocardial change was. g-stolic 97, diastolic 70; while the av- 
erage pressnre in the 68 which did not show this change was systolic 
110, diastobc 82 

Further analysis of these cases seems to indicate that these two 
factors, thickening of the anenal walls and degeneration of the heart 
mnsde, are two very potent factors in modifying the blood pressure in 
tuhereulons patients Table 3 shows this xeij plainly for the cases 
which did not show myocarditis TThere myocarditis was not present, 
those patients who had palpable radials had a blood pressure of systolic 
113. diasrokc S2, even higher than the pressure of the first- and second- 
stai cases In those of ^e same class whose radials were not palpable 
the'^blood pressure was, systolic 105 diastolic S3 making a diuerenee 
of about S points in the sptolie pressure, winch seems to be due to the 
condition of the arteries as determined by the radials This difierence, 
althouc^h present, is not apparent in the cases showing myocardial change 
as arrlnned m Table 3 K Table 4 is studied, however, ir will be .^n 
that the” reason for those who have palpable radials and myocardins 
bavins- a lover blood pressure than those whose radials did not show 


50 to 65 
Tears 
7 
1 
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the change is that cc\eral of the former Muli ^(ncic iiuncnTihnt 
chance that the ten(lcne^ tn rai-c tlie j»ri -‘'Ure on me to ih> rh.mc' ^; m 
the artoiies na*^ o\croonie nntl the u'tnal ]irt-'Uie v-e- lowmil ]lu' 
iniffht iiKlicaic aKo that tin- tlmheiung of th*’ artcih- >^hi1e Inljime to 
mamtam the hlootl pre^“-tme in 'Ui eirini <^!;Hre of tahen uh* i 

fmalh pwe=? detnnnntal m that it i-niM- to» unit a ‘•tram to W 
thrown on the hcirt and the hent nm=>h’ h- m-: nn ndr nn*! ihe 
(Icmaiul. fail‘d 
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In detcnmninc ilie pn '■jmc uf ;n\<'< i.d ! j m,<. I {< ' mco .on- 
'sidcrntion both ('l4inLat <?\in]>ionr m*' --s 'n -n- t* • pj"! 'J , 
ii?elf . and dt^ignned nc < - of n>\< • sr<<5 i-- on**, - o( t> h< 'rt u- *1 

marked cliangc 

There arc innin djOknltu- m {m» nf no m o,. n ..n on tin 
heart m adtanred tuhercnlo-^-c In jPo lu-i jd u . . (?<, nof In., ts -• 

*^nme anatoimral relation*' in ad'-anfid Inh' r* i>h -j' u \t‘ do m th* nor- 
mal che~t J hruiigh the ctfect of jihistj'-i* <ontt V 4 *utn and (omiHn-i- 
tory empln^eniT^ tlio iie.iii j= ofn-n d'>'pl'U(d and the h< iri Miha^ n-j 
longer bear their normal rflntion to the *:np4’tinal laiidni'iik*’ If the 
heart IS nncoteicd h} the retraction of e portion of tjie Inno, '-oniHU tliat 
are not at all inten'^ificd m.y appear nuKli loude- than the\ nonld under 
normal condition^, and, on tlie other hand, if ii large poitjon of enipht- 
sematous lung he mterpo'^od nrlnti-n the Iieatl and e)if‘'l n.ill Die ‘•onnd'' 
mil appear much Moakei than tlie} leall}' nonld mth noimal coteiing, 
and it nould he \ci 3 dinirull to ncemate1\ judge then inten‘>l{^ 
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EFFECT OF TUBERCULOSIS OF TUB HEART 


The presence of infiltrations and cavities also alter the aiiahU' and 
apparent intensity of the sounds It can readily be seen, then, that it is 
difficult to compare and determine the relative intensity of the sounds 
at the dinerent valve areas 

In making the observations recorded here I vas compelled to disre- 
gard entirely the nsnal location of the valve sounds on the suiface of tlie 
chest because the hearts were displaced to one or the other side in many 
instances My data on the various valves was taken at the pomt ivheie it 
seemed that the valve m question ivould most prooably be located wlien 
the shifting of the heart had been considered 

The following observations were made with the stethoscope 


Apex — 

Weak, 7 times 
Strong, 5 times 
Double, 89 times 
Gallop rhythm, 17 times 
Bruit, organic 6, functional 11 tunes 
Triple sound, 1 
Irregular, 2 
Aortic — 

First sound weak, 21 times 
Second sound accentuated, 72 times 
Second sound weak, 5 times 

Bruit, systolic 6, diastohe, 4, organic, 5, functional, 5 
Pulmonic — 

First weak, 18 times 
Second accentuated, 94 times 
Second double, 35 times 
Bruit, 6 times 
Tricuspid — 

Insufficiency, 4 times 
Adventitious Sounds — 

Probably pleuropericardial adhesions, 15 tunes 
Pericarditis, 1 time 
Pericarditis (adhesive) 3 times 


Some of the observations mentioned above require explanation be- 
cause the personal element always comes into play m characterizing ob- 
servations of this kind Errors of judgment are prone to creep m, hut a 
few words of explanation will doubtless make the meaning clear 

A double beat was observed at the apex in 89 of the 162 patients I 
designated as double what I considered as a departure from the normal]} 
lecognized firm tone of the apex The degree of doubling varied a great 
deal from what might be considered as a slight impurity to tuo mry dis 
tmet sounds It is estimated that a double sound at the apex is heard m 
about 10 per cent of normal hearts, but it will be seen ^hat in the pa- 
tieSs here reported it occurred m more than 50 per cent of the cases 
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Tiic £req\icnc\ with ^\h^ch ncccntuation of the nortie wa^ found 

also leqinrcs explanation In <^01110 thi^ nnuht he pr*nlured hy th^ 
thickening of the F.>‘=iemic nrterio=- in ot]ioi=. it 5 «^ onl\ apparent and not 
actually an accentuation, the apparent nrc<nituation d*'n^ndini: on Uie 
nearness to infiltrations and caMlir‘=, in some e"e(‘- it js duo t«> the fatt 
that the vahe is nncoitred and eon‘:(«pKniIi hnid- r and more 

accentuated than it 1= 

Three of the hniit- dt ‘•nrnalod n- oreanir oconrnd in one famih 

The four ca«c5 of iruu'-pid in-ufiK ’cne\ lur- dm* b> adiam'd 
of degeneration and dilatation of Uu* lie ir! minoh* 

Dining the course of tin- iiuf>-ui! itvm in\ ;.tt«nt <»n v. «- r a-tr 1 to 
the Bock ctetho=co][K> oiTtnnt: h< Ip m «h(irm»r.na; th* in 

tcnsiti of the heart =ound= T ro:t‘‘et Ui't I dsd n<o In*.'’ th' I'eek ''r<ord 
in all instances hut 1 ha\e ir-ul it in a M.f, not ‘lumh* - o* tn 

dcmoirtiatc it* lalue lU ^unlMni! ’I 'hh ? u ie ‘-'is “I. a* the 
readings true a fair f'tnnatjon of th' »i>n<ht5''n o' tn* inu-ih la 

intcrpici’ng the Bock re dniL' i* nni*-* j • :> un !’>{ - ’*< d 1 ', o '] <_ nid ’rd 
15 an nrhitrari one and the rculuif'- of i->, *> t-i mn-t 1*' <on-u'>rt 1 
alcne Bock lia^ de{onnni<d tlrt for t'" nor,r'l "da.jduil t; ■ -^ort r 
cound chould he ahun nm -third h-- ih p th,* ], jjd f , -iw- rnd 
the pulmonan <-mind from fne to 3i''t< n n'-inJ* I- h.is, jof rori’** 

Another \er\ important tome for r -1 nj-* ;n ‘h- aa na the 

heart in it« relation to ^d\ancf^l 5tjl-'r< njos-' »' t' < * ffo t pr 'du* ■ d .m i! 
bv the displacement uhirh occur*- on raonnt of tj < t '‘’onto *5 the 'nny 
and pleura 'Dint tins lia^ rt*cfr»<d too ^.n‘• d.r>t on m tho pi*-* j- 
self-evident 

It 15 natural to snppot^e that ornms pirfoim Ih-ir fumtu.jis h. t 
when in their natural pocjimns The Inart in it*' nornnl no-ifon hr-, 
on the diaphrntrm and <=v,\nii- from the rreit 'u-e-h uhth ‘^rve >* 
points of fixation at the haso It jc surrounded and Ism 4 * d in its motion 
by the pencardnnn and the amount of moiu'n allownl the iri i- de- 
pendent, to a certain c'lont on tlm s$7/i of \]x^> p/rKarduun 1 ho jieii- 
cardium is fixed at file jwints to the nndrr surfiif of the htosmim, to 
the diaphragm, to the right and loft pscum* and to ilio great ifs^'ds of 
the chest The heart ic allovod spohi motion within thc’ jv>r 3 cnrdnim 
under nonnal circinnsianc'’s, ns ir noted on the ohaniio of pn*-ition from 
lying on one side to Bing on thc othoi f'hnnccs of tins rharaoier in no 
wise interfere ivith the heart in thc pciformanoo of its function hceausc 
the position and si/c of thc pericardium is not ohangod, the laigo vessels 
are lying free and easj m their normal place and no impediment is 
offered to the free and natural movements of the heart itself or to thc 
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EFFECT OF TUBERCULOSIS ON THE HEART 

outflow of blood in the yessels owing to contraction of one oi both 

lungs, traction is made on the pericardium through its attachments with 
the pleura, a veiy different condition is brought about and the heart is 
forced to work at a great disadvantage This can be leadily understood 
if we take an extreme case in which the heart has been drawn up and 
out until the apex is found in the left axilla owmg to marked contractiou 
of the left upper lobe and compensatory emphysema of the light lung 
In such a case we must assume that the pericardial space is encroached 
upon, thus interfering with the free movements of the heart itself The 
ti action of the pericardium on the vessels not only changes them from 
their natural position, but bends them in their course and thus throws an 
extra amount of work on the heart What is true in this extreme case is 
also true in those of less degree, but to a less exffent ffoi the heart to 
perform its function under these difiSeulties would tax a heart muscle of 
normal power , but, in cases like these, the heart musele is peihaps always 
the seat of degenerative change and consequently less able to meet the 
increased work thrown upon it 

In determining the deep cardiac dulness in order to estimate the size 
of the heart, I found considerable difficulty In the first place, it is very 
difficult to percuss the deep borders with accuracy The degree of error 
may be reduced to a minimum, however, by the emplojment of several 
diffm’ent kmds of percussion to check each other I used two or more of 
the following methods in each case finger-finger percussion, Ebstein’s 
peicussion, rubber-tube percussion and auscultatory percussion 

There is some doubt as to what should be considered the normal 
limits of the normal heart Of course, this differs according to the age 
and size of the individual and size and shape of the chest Eeiss- gives 
the follovnng measurements from averages taken from a number of 
inediura-sized indindiials 

Distance of right border of heart from median line, third interspace, 2 75 era , 
fourth interspace, 3 75 cm 

Distance of left border of heart from median line, third interspace, 4 75 cm , 
fourth interspace, 7 5 cm 

Sahli,^ commenting on these measurements, says that the) make the 
heart too small If we take these measurements as a standard liovcvci 
it will be seen that a large percentage of the hearts in patients suffering 
from advanced tuberculosis are displaced Of the 162 hearts examined, 
oS were in practically ilie normal position, 27 were displaced to the 
rmlit and 77 were displaced to the left Of the Stage I ca=es one vas 
displaced and 10 were in nomal position Of Stage TI ca=e= 4 vere 

Deiss Ztschr f klin hied , ISSS, xiv, 12 

3 Sahh Diagnostic hfethods, Philadelphia, 1005 
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EFFECT OF TUBERCULOSIS ON TEE HEART 


7 In the majority of advanced eases (99 out of 130) the heart is 
displaced and working at a disadvantage 

8 In estimating the size of the heart it must be remembered that as 
the heait pushes over to the left it pushes backward and consequently 
the lateral diameter as taken on a level with the fourth interspace does 
not give an adequate idea of the real or true size of the heart, also that 
the hj^pertrophy of the right heart often throws the left ventiicle back- 
ward, producing the same result 



INFLUENZAL MENINGITIS 

DAVID J DAVIS, M D 

CraCAGO 

Willie tlie question of tlie i elation that Pfeiffer'^s bacillus bears to 
influenza oi may be considered an open one, the pathogenicity of 

tins organism is stnlangly demonstiated bj’’ its occasional occurrence in 
pure giontli in the menmgeal exudate in cases of meningitis Such a 
case, illustrating the fact that this oiganism at times mav be highly 
pathogenic and presenting ceitain othei mteiesting featuies, is here 
described 

llEPOni OP CASE 

The clinical histoi} fuinished hi* Di E Clnirchill and Di C B 
Heed, IS as follows 

Patient — ^IMale cluld, one of twin bi others, each weighing 7 pounds, born Oct 
3, 1908 The mother had borne nine childien and i^as in perfect health before 
the present delivery, which ^Yas nonnal and at full teini Other members of the 
family were also veil The baby was put to the breast eleien hours after birth, 
fed every three hours and did well until the morning of October 8, when the 
bowel movements w'ere gieen and contained mucus and curds The next day the 
child moaned constantly and on the 10th refused to nuise at 6 a m and w'as dull 
and diowsy during the day On the 11th a “sinking spell” occuired in the morn- 
ing and the patient became cold and cyanotic 

'Examination — ^At this time a physical examination W'as made b}' Drs 
Churchill and Reed The development and nutrition were good, color dusky 
The baby was quiet and relaxed but appealed drowsy The result of the examina- 
tion of the head, chest, abdomen and limbs was negative Rigidity w’as not pres- 
ent and no signs suggesting meningeal iriitation appeared 

On October 12 the “sinking spells” continued and eaily in the morning gen- 
eral twitchings occurred, but no actual convulsions They continued through the 
day, together with the marked cyanosis and comatose condition Death occurred 
at 5 p m on the ninth day after birth and on the fourth day of the disease 
The temperature from October 9 to October 12 ranged between 101 8 and 104 5 F 
The twin brother W’as healthy at birth and continued so until October 8, 
wdien he began to have numerous bow'el movements, follow^ed the next day by a 
continuous temperature At noon, October 11, twitchings began wdiich continued 
for seventeen hours His condition grew' giadually worse and death occurred on 
October 15, seven days after the onset No autopsy 

Autopsy — In the first case a postmoitem examination was made seventeen 
hours after death 

Follow'ing IS the anatomie diagnosis Acute catarihal gastroenteritis, acute 
purulent lepto meningitis , acute parenchymatous, degeneration of the lieait, livei 
and kidneys, acute swelling of the spleen, multiple ecchymoses of the pleura and 
thymus 

Flora the Pathologic Laboialoiy of Rush Medical College, Chicago 
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The body -was very cyanotic and postmortem ngidily ivas not present In the 
abdominal cavity a few drops of yellow flmd occurred but the peritoneal sur- 
faces were smooth and glistening ISTo evidence of omphalitis In the pericardium 
there were about 2 cc of clear fluid and the pleuial cavities were free On the 
surface of the thymus a few small eechymoses, pin head in size, oecui red, and 
similar hemorrhages were found on the pleural surfaces The Jungs and bronchi 
were normal The mucosa of the stomach and intestine was red throughout and 
in the ileum and large bowel were small hemorrhagic spots, pm head in size Tlie 
myocardium, liver and kidneys showed acute degeneration, the adrenals, pancreas, 
gall bladder, urinary bladder and genital organs presented no noteworthy changes' 
The mesenteric lymph glands were soft and slightly enlarged “ 

Over the entire convev surface of the brain weie u ell-defined areas of greenish- 
yellow, friable, purulent exudate, in egular in shape and from one to several 
sg cm in size and 1 to 5 mm thick Between these areas the )memnges ap- 
peared smooth and transparent At the base, especially in the region of the optic 
chiasm and the pons and along the larger blood vessels the deposit was more 
abundant and difi'use and from 1 to 5 mm in thickness The blood vessels e\ ery- 
where were engorged and usually, especially at the base, surrounded by the 
abundant exudate The ventricles were not dilated and the fluid was clear In 
the spinal canal a large amount of turbid purulent exudate occurred about the 
cord No pathological changes were present in the nasal sinuses or in the 
tympanic cavities 

Baotei lological Examtno^Uon — -Meningeal Exudate Inside and outside the 
polynuclear cells Avere enormous numbers of small Gram negative polar staining 
bacilli Some of the cells were packed with these bacilli, but none u ere found in 
the mononuclear or endothelial cells Cultures on blood agar plates gaie, in 
twenty-four hours, an abundant growth of small dewdrop like colonies in ei ery 
way characteristic of Bacillus influenza: One other colony, a staphylococcus and 
evidently a contamination, appeared on one of the plates, and about this iwas 
observed a cluster of larger influenza colonies indicating the symbiotic property 
characteristic of this organism In the fluid obtained from the spinal canal the 
bacilli were likewise found in pure growth and in very large numbers 

Heart’s Blood In the heart’s blood were found on culture a few colon bacilli 
Eepeated attempts to isolate influenza bacilli on pigeon blood agar failed The 
pericardial fluid was sterile 

Peritoneal Eluid In smears a few polymorphonuclear cells, many small mono 
nuclear cells and a few Gram negative polar staining small bacilli ivere found 
Cultures on blood agar plates gave numerous typical influenza colonics Three 
or four colonies ot colon bacilli appeared on the plate also, and about them oc 
curred the cbaractenstic cluster of larger influenza colonies 

To summame, in ihe meningeal exudate about the brain and spinal 
cold and m the peritoneal fluid were found influenza bacilli in large 
numbers and in pure growth The few colon bacilli in the peritoneal 
fluid and heart’s blood and the staphylococcus colony in the culture from 
the meningeal exudate were undoubtedly contaminations and may be dis- 
regarded 

Morphologically and culturally the bacilli isolated from tins case cor- 
responds to Sie tjTical influenza bacillus isolated from other sources 
On media other than hemoglobin media no groutli talces place and on 
pigeon-blood agar it grows profusely The tendency to form tbreads 
while evident, is not marked Polar staining with meth) lone blue is dis- 
tinct and dilute carbolfuchsm stains the bacillus uniform!} 
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Pathogenicity A few drops of exudate obtained from the base of the brain 
were injected into the peiitoneal cavity of a guinea-pig with no lesults A 
second guinea-pig inoculated intiapeiitoneally with growth from twoi blood-agai 
slants died in thirty-six houis Examination showed a purulent peritonitis and 
light salpingitis In the peritoneal pus were many leucocytes and bacilli, some 
of the latter being intracellular and in cultures numerous influenza colonies ap- 
peared with a few colonies of B coh Pure growthsi of B were ob- 

tained from the heart’s blood, pericardial fluid, both pleural fluids and the right 
Fallopian tube 

Two guinea-pigs, inoculated subdurally ivith a few drops of a dense suspen- 
sion of the bacilli, died within twenty-four hours The meninges in one were 
bloody but an exudate did not appear The bacilli were recovered fiom the sur- 
face of the cortex and from the base of the brain, but from no other part of the 
body In the second animal the meninges were congested 'but no exudate was 
evident Bacilli were found in the meningeal fluid as in the first animal, but not 
in other paits of the body Three guinea-pigs, inoculated with this organism 
behind the eyeball into the orbit, developed no symptoms other than a slight 
conjunctivitis One of the animals, killed five days later, showed no evidence of 
meningitis or other lesions 

Miooscopic Examination of Exudates mid Tissue — Cerebrospinal fluid In 
the turbid fluid obtained at the base of the brain approximately 80 pei cent of 
the cells are polymorphonuclear leucocjdes and the remainder mononuclear cells 
The latter vary in size, many of them having large faintly staining nuclei nith 
abundant protoplasm Others are typical small mononuclear cells and aie not 
numerous 

Meninges Pieces of tissue including the meningeal exudate and the under- 
lying cortex were removed from the region of the Sylvian fissuie, the temporal 
lobe and the cerebellum, for microscopic examination The exudate, especially 
about the blood vessels, is abundant and composed chiefly of polymorphonucleai 
and mononuclear cells The relative proportion of these cells vanes in different 
regions Near the surface of the exudate the polynuclears may comprise 80 per 
cent or more, while nearer the cortex the mononuclear cells increase in number 
Here and there are large endothelial cells, Avhicli frequently show phagocytosis 
of from one to several polvnuclear and mononuclear cells About the blood ves- 
sels the exudate is intense, but no changes are observed in the intima or media of 
the arteries Thrombi occur in some of the small veins and the thin walls in 
places are infiltrated with leucocytes Some free blood is found here and there 
in the exudate outside the vessels Very little fibrin is apparent in the foi malm- 
fixed tissue The cortex shows little change Occasionally near the suiface a 
polymorphonuclear cell or plasma cell is seen,, but deeper no cellular infiltration 
appears Changes in the blood vessels and hemorrhages are not present 

Peritoneal Fluid This is slightly turbid and in suspension are a number of 
leucocytes, 80 per cent of Avhich are small mononuclear, and 20 pei cent poly- 
morphonuclear cells The bacilli are chiefly outside the leucocytes 

Intestines Sections ivere made of the intestinal wall at different points In 
one section the glands of the mucosa show some disintegration and between 
them are found a few polymorphonuclear cells and eosinophiles The musculans 
IS normal and the blood vessels in the subserosa and in the mucosa are engorged 
In other sections some congestion and cellular infiltration occur but no changes 
appear in the serosa 

The myocardium, lungs, kidneys, thymus, spleen, adrenals and lymph glands 
present no noteivorthy changes Sections of the liver show congestion of the 
small blood vessels and slight infiltration of round cells and leucocytes about some 
of the bile ducts 
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GENEEAI/ CONSIDERATIONS 

It IS Tiniiecessaiy to review the literature on influenzal memngiiis ar 
this time since this has been thorougWy done vecently by others Adams,^ 
m 1907, tabulated the cases and found 21 m which the influenza bacillus 
was isolated from the meningeal exudate m pure culture Colioe- tins 
year finds, including his own, 24 cases and gives an analysis of the 
important features In addition a considerable numbei of cases are 
reported in the literature m which a mixed infection of influenza bacilli 
with, as a rule, Gram-positive diplocoeci occurred In such cases it is 
impossible to say how important the influenza bacilli v ere in causmg the 
lesion It should be stated, however, that in some of these eases the 
mixed infection was found at autopsy and, as is well Icnown, termmal 
infection or postmortem invasion with coccus forms is not uncommon, 
whereas such invasion by influenza bacilli is most unusual It is, there- 
fore, not improbable that most of these cases were primary influenza 
infections 

A sufficient number of eases has now been observed to establish the 
fact that mfluential meningitis is a disease of mfants and young chil- 
dren and IS extremely rare m adults Over one-half the cases reported 
m the literature occurred in children undei one year and the youngest 
child afflicted was 10 weeks (Fraenkehs first case) The patient whose 
case IS here reported is the youngest on record, being 9 days old at the 
time of death The infection was probably acquired four oi five davs 
previously 

Accordmg to the clmical report there was little evidence of menin- 
geal trouble, enteritis being the chief clinical finding noted The birth 
was normal The postmortem examination confirmed the intestmal 
involvement and revealed the presence of a mild peritonitis not recog- 
nized macroscopically, and influenza bacilli in pure growth m the peri- 
toneal cavity The question arises in tins case as to the possibility of the 
intestinal lesions being primar)’’ and the involvement of the peritoneum 
and meninges secondary Cultures of the intestmal contents unfortu- 
nately were not made m this case, and, smce little or nothing is known 
about the occurrence of influenza bacilli in the mtestinal canal, definite 
statements can not at present be made In the literature the pnman 
foci are variously given, the lungs, bronchi middle ear and nasal cavi- 
ties being the sources chiefly suspected Some of the eases are regarded 
as generalized infections, smce multiple abscesses occurred before or fol- 

1 Adanis Arch Pedi-it, 1007, xxn, 721 

2 Colioc Am Jour j^fed Sc, 1909, cwacin, 74 
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lowing the meningeal invol-vement (Slawyk, Dudgeon, Adams) In a 
few no statements are made about the primary focus or, as in the pieseut 
case, the poitals of entry usually suspected are entiiely normal A 
common symptom in these cases, however, is diairhea, and in a considera- 
ble numbei a well-marked enteritis has been found at autopsy The intes- 
tinal tract apparently has thus far not been suspected as an atiium by 
any of the writers, notwithstanding the common occurrence of lesions at 
this point , and, while such an origin may be uncommon, cases like the 
one here repoited lead one to suspect stinngly such a possibility There 
are no data at hand which will enable one to decide this question defi- 
nitely, but in the absence of other lesions, especially of the respiiatoiy 
tract, nasal cavities, middle eai, etc, the intestinal oiigm seems very 
probable 


In few of the cases have extensive bacteriologic studies been made 
Slawyk® obtained the bacilli from the blood, fiom abscesses, meningeal 
exudate and lungs , others have obtained the bacilli from the spleen In 
iione'of the cases have the bacilli been recovered fiom the peritoneal cav- 
ity, and peritomtis is not mentioned as a complication in any instance 
Eiscli and HilD report a case of purulent peritonitis from the exudate 
of which the infiuenza bacillus was isolated in pme cultuie, but meningeal 
symptoms did not exist In the present case it is possible that the pres- 
ence of the infiuenza bacilli and the slight exudate in the peritoneum 
resulted from an infiuenzal bacteriemia, for it is probable that this oc- 
curred, notwithstandmg the absence of the bacilli in the heaifs blood 
after death Certainly the peritoneal involvement is much more recent 
than the meningitis and it may be simply a teimmal affair 


The general appearance of the brain and meningeal exudate answers 
lery well to the description of infiuenzal meningitis given by otliei 
writers I may refer particularly to the excellent colored plate illus- 
tratmg Draenkel’s paper on this subject,'^ which bears a close resem- 
blance to the picture in this present case A striking feature is the 
greenish-yellow, highly purulent, friable exudate, and, as has been pointed 
out by Traenkel, Ghon and others, the small amount, or total absence of, 
fibrm as shown microscopically by special fibrin stains In tlie formalin- 
fixed tissue of this case the exudate appears to contain very little fibrin 
and is made up almost entirely of cells, chiefly of the polymorpho- 
nuclear variety In certain places large endothelial cells also are found 


3 Sla^i^k ^schr f Hyg u Infectionkr , 1899, xxxii, 443 

4 liscli and Hill St Louis Med Review, 1903, xlviii, 19 and 55 

5 Fraenkel Ztsclir f Hyg u Infectionkr, 1898, xxvii, 315 
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mgestmg other ceUs A feature distinguishing this form from othei 
forms IS the very large number of bacilli in the exudate, both inside and 
outside the polymorphonuclear cells In meningococcus menmgitis the 
oiganisms are never so numerous In pneumococcus and streptoeoecui 
infections the organisms may occasionally be as numerous, but phagoc}- 
tosis is either very slight or entirely absent 

Changes in the underlying brain substance aie limited to a very 
slight infiltration of leucocytes and plasma cells immediately beneath 
the pia, while deeper m the tissue and along the blood vessels little or no 
change occurs This agrees with the findmgs of others in such cases 

Chon and Traehkel state that it is not possible to distingmsh influ- 
enzal meningitis from that produced b}’' the meningococcus or pneumo- 
coccus, except by bactenologic means This is undoubtedly true in many 
cases The descriptions of influenzal meningitis given in the literature, 
however, indicate tliat the exudate as a rule is highlv purulent and moie 
copious and wide-spread than that commonly observed in other forms 
Cellular differentiation of the exudate will not aid, and clinically theie is 
surely no reliable means It may be stated that a highly purulent, mas- 
sive, meningeal exudate, occurring m an infant or young child, is sug- 
gestive of this form, and the influenza bacilli should be sought for by 
proper methods on hemoglobin media In fact, blood media should be 
used as a routine in the examination of all meningeal and spinal fluids 

A study of the morphological and biological properties of the influ- 
enza baciUi isolated in tlus case reveals no essential differences from 
those of the bacilli so commonly found in the sputa in various infectious 
diseases The property of symbiosis is well marked, the small colonies 
present the typical dewdrop appearance, and are not hemolytic and grow 
only on hemoglobin media, with a preference for pigeon blood agar The 
bacilli slioiv only a shght tendency to form threads, are Gram-negative 
and distinctly bipolar when stained, very susceptible to phagocytosis, and 
show some pathogenic power for gumea-pigs They agree in every detail 
with a bacillus received from Di Wilkinson of Washington, D C , and 
recovered from the spinal fluid of a non-fatal case of meningitis occur- 
rmg m a child durmg convalescence from whooping-cough 

The occurrence of a similar condition in the twin brother beginning 
on the same day, running an almost identical course clinicallj', and ter- 
minatmg fatally three days after the death of the other child, is vortb 
of note Unfortunately an autopsy was not made in this case, but the 
facts strongl} suggest a similar infection of common origin in the two 
cases As alreadi stated, the mother had previousl} been veil and no 
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membeis of the family were afflicted with ‘"colds” or other diseases 
Hence the sonice of the infection in these cases remains obscure ” 

SUMDilARY 

Twin brotheis became ill on the fifth day after biith, the cases lan 
an identical clinical comse and teiminated fatally on the ninth and 
eleventh days lesjiectively after birth 

There was little oi no distinct clinical evidence of meningeal involve- 
ment 

Autopsy on the first child levealed as the pioniinent lesions acute 
purulent leptomeningitis and acute enteritis 

Tiom the meningeal exudate and from the peritoneal fluid pure ciil- 
tiiies of B xnfkimzai weie obtained 

The usual atiia of infection — nasal cavitv tynpanic cavities, 
bronchi and throat — ^weie normal Omphalitis was not present Tiie 
intestinal tract is a suspicious portal of entry 
839 Lakeside Place 

6 Since this aiticle vas ivriiten Cohen (Ann de 1 Inst Past, 1909, win, 
273) has repoited thiee cases of meningitis in infants caused by an oiganisra be- 
longing to the influenza gioup ]Moi phologicalh and cul tin ally it is identical 
with Pfeiffei’s bacillus but by conglutination tests and leactivation expennients 
specific diffeiences appear Cohen believes that this oiganisin is thq same as 
that isolated by otheis from cases of meningitis and called D wflnenzcc and that 
the confusion has aiisen because the two oiganisins can he dilTeientiated onh by 
specific seium leactions He calls the infection septicemic cerebiospinal men- 
ingitis because a septicemia occuis in the hiunan subicct and in iiioculatod ani- 
mals 



THE CLIHICAL SIGHIPICAHCE OE THE HRIHARY HITEOGEN 

III iSiITROGENOUS METABOLISM IN TYPHOID EEVER 
JAMES EWING and C G L WOLF 

NEW YOBK 

The nitrogenous metabolism of typhoid fever has rarely been the sub- 
ject of systematic study It has long been Imown that this disease, rather 
more than other continued fevers, is marked by a very high urinary nitro- 
gen excretion, but the partition of this nitrogen and the bearing of varia 
tions in the forms of nitrogenous compounds excreted in the urme on 
the pathology of the disease has received very scant attention The reason 
for this paucity of effort lies, not in any supposed lack of importance 
m the subject, but in the fact that until recently there have been no sat- 
isfactory methods for the estimation of the different forms of urinary 
nitrogen, and no normal standards of comparioon Since both of these 
deficiencies have recently been met and partly removed there would seem 
to be opportunity foi obtaining more significant results than have j^et 
been secured in this field 

The total nitrogen excretion in urine and feces in typhoid fevei has 
recently been studied in detail by Benedict and Suranyi ^ The fecal 
excretion they found comparatively small, forming about 10 per cent 
of the total nitrogen eliminated During the active febrile period and 
sometimes contmuing into convalescence there is a pronounced loss of 
nitrogen, excretion exceeding ingestion by as much as 10 grams daily 
the loss diminishing as the fever subsides Since they were able to limit 
this loss to some extent by suppljnng nitrogen-free diet, they argue at 
length that the excessive nitrogen elimination of typhoid fever is not 
evidence of toxic destruction of cell proteins but a result of simple hyper 
activity of metabolic functions They do not discuss the character of the 
nitrogen partition of the disease, although this consideration would seem 
to have an important place m the above argument 

Yon Jaksch and his assistant Erben" have furnished the only sys- 
tematic, but at the same time very meager, data on the partition of the 
urinary nitrogen in t'^phoid fever Yon Jaksch’s first reports’’ he had 

♦This article is the third of a series relating to the same general subject 
Keferences to the former articles are 1 The clinical significance of tlie iinnarr 
nitrogen, Am Jour Jled Sc , lOOG, cxxxi, 751 2 The metabolism lu the to\emia 

of pregnancy, Am Jour Obst , 1007, Iv 289 

1 Benedict and Suranri Ztsehr klin Med , 1903, ylviii, 290 

2 Erhan Ztsehr f Hcilk , I^fcd Aht , 1901 nen senes v, 33 

3 Von Jaksch Ztsehr f klin Med , 1902, xlvii, 1 
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to lecall on account of deficiencies in the metliods employed In his 
second paper- he records smgle complete ohseivations on four febrile 
cases, each of ■«hich shoi\ed some increase of amido-acid nitiogen 

Erhen m 1905 foUoued one mild case ^Mth seventeen examinations 
over a period of thirty days The highest daily excretion of this patient 
was 19 6 grams The uiea at the height of the fever fell to 74 per cent, 
of the total mtrogen, but soon rose to 80 per cent plus The courses of 
both the ammonia and the rest nitrogen desciibed curves vith two apices 
one at the height of the fever, the othei three or four days after defer- 
vescence This first elevation Erben asciibed rather indefinitely to the 
febrile piocess, and the second use in the rest nitrogen he ventured to 
refer to lesolution of the enlarged l 3 mph nodes It is difficult to find 
grounds for this latter assumption, or a variant foi such deductions 
from the observation of a single case 

The present study vas undertaken in 1905 as a control for the intei- 
pretation of results obtained by ns in the investigation of tlie urinary 
nitrogen in the toxemia of pregnancy It was also suggested by an 
impression which one of us has gathered from man}" sources that t^^phoid 
fever, especially in the later stages of severe and fatal cases, is largelv 
an autointoxication It was thought that the study of the nitrogenous 
metabolism might indicate to some degree the validity" of this conception 

That the character of the nitrogen partition might tlirov light on the 
nature of some climcal peculiarities of the disease, might control and 
supplement the present methods of estimatmg the condition of the pa 
tient and detennmmg the diet, might influence the prognosis, or sug- 
gest a basis of relapses in the disease, seemed to fall among legitimate 
expectations The prolonged toxemia of t)"phoid fever commended itself 
as a favorable field for observations on some of the less Icnown nitrog- 
enous substances of the urine, such as kreatinin, kreatm, and the rest 
nitrogen Although the results presented are incomplete, espeeiail} in 
respect to fatal eases of the disease, they are not without interest and 
may have value m several of the relations mentioned 

The study was pursued also in the hope of establishing some correla- 
tion between changes m the urinary nitrogen and histological alterations 
m the liver 

The fragmentary analyses in Cases 1-11 were made in a preliminaiy 
way m 1905, when a few observations in severe and fatal cases were 
secured through the cooperafaon of Dr L A Conner For the more 
complete observations m Cases 12, 13, and 14 we are indebted to our 
colleague, Dr Philip Shaffer, who carried out the anatyses in the sum- 
mer of 1906. In 1907 we were able to observe several cases m Bellevue 

4 VonJakscli Ztsclir f klin jred, 1903, L 167 
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Hospital tlnoiigli the couitesj of Dr Alexandei Lambeit Oiu cxpeeta 
iions of securing complete obseivations m seveie cases duimg tlie sum- 
mei of 1908 weie parity disappointed, as the disease in Hew Yoik during 
that period proved nnusualty mild and eompaiativelv laie Yet tlnee 
seveie eases weie obsened in Hew Yoik Hospital thiongh the aetne in- 
terest of Hi LA Conner 

W^e found it extremely difficiilt to obtain satisfactoii collections of the 
twenty-four houi urine from stuporous and incontinent typhoid patients 
which vere the conditions winch it was most desiied to obseive In 
females especially these difficulties proved almost insiimiountable, so that 
ve would not again attempt such a study in vomen veiy sick with ti- 
phoid fevei The technical methods emplojed in this uorlc ueie those 
described in oui first contribution on the sub 3 eet of the ^'Clinical Sig- 
nificance of the Urinary Hitiogen,”® and since the geneial significance 
ot the urinary nitrogenous substances and their normal variations rverc 
discussed at some length in that article these topics vill not be fuithei 
considered at this time It is, bower or necessary to point out that i 
comparison of normal standards m healthy subjects with the metabolism 
of febrile conditions must be undertaken with caution For example, v e 
question whether the observations on the influence of staivation in 
healthy subjects can safely be tiansfeired to febrile conditions 

ANALYSES OP RESULTS 

In the analysis of the lesults the chief inteicst concerns the rohtwn 
of the uiinai}’’ iiitiogen and its partition to tlie clinical symptoms 

TOTAL NITROGEX 

The leeoids shou a total uiinarj nitrogen excietmn leaching 33 0 > 
gm in an adult neighing 155 pounds, and 39 OT gm in anothei patient 
weighing 148 pounds, but arei aging consideiably below 20 gm during 
febrile periods in all the cases With the restricted diet of these patient-- 
this large excretion of nitiogen must signifr consumption of tisme pro 
tein and inaiked loss of nitrogen on balance As rhc diet va'? unifomil) 
Ion in nitrogen consisting of 4 to 6 ounce'^ milk ererj tlivee honi-, oi 
of similar amounts of meat broth, this factor probabh does not dis- 
tineth influence the total nitrogen Some considerable raiiation-, m.n he 
attiibiitable to the actnity of the kidnejs There nas a general relation 
between the v eight of the patient and the total nitiogen cxcietecl FMi 
mated accoiding to the m eight of the patient the more =eiero the tv 
phoulal process as judged bv the temperature and gcnoial condition, 

■> Twing iiid Wolf Am Jour Med mOO c\xm "">1 
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the liigliei the nitiogen output To tins lule, which aiiplies chiefly to 
the early stages of the disease, theie weie tivo impoi-tant exceptions 
In two cases (19 and 20) to\\aTd the end of ^ely severe attacks of the 
flisease the total nitiogen was unusually low oi even helou nomial, 3 to 
6 gm, while the febiile piocess continued In these cases one has to 
deal with veiy unusual conditions, such as persistent vomiting, staiva- 
tion, anemia, and a veiy low state of vitality In such states one may 
leasonably assume that the eneigy exchange is veiy loiv, and that after 
the system has been extensively depicted the febiile t’\phoid piocess may 
continue vithout the extensive loss of nitiogen which maiks its eaihei 
stages In seveial cases (13, 15, 16 and 18) a postfehiile increase in 
total nitiogen was observed extending oiei a peiiod of seven days In 
two of these cases this inciease uas coiiicKlcnt uith the addition of two 
and four eggs to the diet, m a thud case the amount of meat biolh uas 
considerably inci eased at this time, uhile in the fourth case (IS) no 
change in the diet was noted In a fifth case picsenting adequate data 
(17) no postfebrile increase oceuiied IVe aie tlieiefoie disposed to lefei 
this inciease, when it occuis, to changes in the diet and not, as Eibeii 
has suggested to resoiption of rtmpli nodes or any othei essential 
process in the disease The postfehiile increase in lest nitrogen Erben also 
lefeis to the absoiption oi lymph nodes, but in scieial of oui cases such 
an increase was clearly explained by the addition of meat to the diet 

Whether an antemoitem inciease in nitiogen excretion occuis in this 
disease our obseiwations on fatal cases do not deinonstiate, but iii Case 9 
theie IS some indication of such a phenomenon The highest excretion 
of nitrogen in proportion to the body weight seems to occiii in the so 
called toxic cases and periods of the disease when the jiatient appears 
poisoned and can be obseived to be losing weight rapidl}' Although 
these features are usuall} coincident ivith a higli tenipeiatuie, the total 
nitrogen seems to be less affected by the fever than b} the intoxication 
Thus Patients 18 and 14, weighing 135 and 148 pounds and «elected 
because of the “toxic” charactei of the disease, excieted 33 65 gm and 
29 07 gm nitrogen, which is relatively much more than the exeietion in 
the niildei cases (15, 17 and 16), 14 3, 16 7 and 8 16 gm In these 
eases the patients weighed 123, 117 and 67 pounds lespectivel}^ and on 
the day of tliese observations had the same temperature, 103° F 

UREA 

In the nia^oiity of well-marked cases of typhoid fevei the uiea nitio- 
gen forms a notabl} high propoition of the total, even when the patient 
appears to he lery sick In severe stages it usually runs below 80 pei 
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cent when 12 to 20 gm of nitrogen are being excreted, while in some 
cases of recovery it was found below 70 per cent, and even as low as 60 
per cent A ratio below 70 per cent duiing febrile stages usually indi- 
cated a giave condition The highest ratio, SSI per cent, was ob- 
served on the twenty-first day of a severe case (14:), in which there was 
a rapid recovery A review of our results seems to show that a persist- 
ently high urea ratio is a favorable sign, yet two fatal cases on first e\- 
amination gave over 80 per cent urea nitrogen Sharp increases in this 
latio are very favorable signs (Cases 2 and 19), while in two eases 
(8 and 9) sharp decreases, 82 to 67 per cent and SO to 60 pei cent, in 
four days, were shortly followed by the death of the patient In some 
cases (14, 19, and 22) the urea ratio seemed to be a better index of 
the patient’s condition than were the temperature, pulse, or signs of 
intoxication 

In several cases with rapid convalescence the urea was constantly 
above 80 per cent, while in two cases with relapses (15 and 17) and in 
three (16, 19, and 20), with slow convalescence, the urea ratio tended 
to remain below 80 per cent 

Our experience leads us, therefore, to place considerable value on tlie 
latio of urea nitrogen in following the course of typhoid fever, since 
this ratio very often serves as control on other clinical indications, and 
may be relied on to a considerable extent to reveal the general type of 
the disease The observations on the urea ratio in typhoid fever also 
seem to lend some support to the view that lesions of the liver established 
in the course of diseases attended with disturbances of nitrogenous 
metabolism may have considerable influence on the character of this 
metaOoiism Although we were disappointed in not securing extended 
observations on fatal cases and no autopsies were ohtamed we are dis- 
posed to assume that the severe degeneration and focal necroses which axe 
nearly constant in the liver of fatal typhoid fever were connected with 
the sudden decline in the urea-forming function in Cases 8 and 9 

During a febrile convalescence somewhat difterent interpretations of 
changes in the urea nitrogen ratio seem to be lequiied from those apply- 
ing to the febrile period Starvation acidosis or abrupt addition of meat 
to the diet appeared to be responsible for lov uiea ratios in Ca<=es 19 
and 20 

AMMONIA NITHOGEK 

In one fatal case (9) the ammonia ratio reached S 9 per cent (2 09 
cm ) In one case (15) preceding a relapse, il failed to reach the Ion 
level common!}’ obsened In two very severe cases (19 and 20) during 
convalescence ammonia nitrogen ratios of 10 pei cent and 14 5 per cent 
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seemed lefeiable to slight staivation acidosis At all other times the 
ammonia ratio was not distinctly above noimal, and often it was uni- 
formly low The present observations, therefore, do not indicate that 
acidosis IS a piomment feature of typhoid fever Even the highest fig- 
ures observed indicate only moderate grades of acidosis, especially foi 
patients on a restricted milk diet With a shaip onset of typhoid fevei 
one would expect to find consideiable acidosis and excess of ammonia 
from deficiency of food, but none of our cases was observed at the onset 
of the disease Since acidosis arises from the incomplete burning of fatb 
in the absence of carbohydrates, the relative lack of acidosis in typhoid 
fever may arise from a pronounced tendency toivaid the consumption of 
proteins rather than fats There are many indications, however, that 
during fever the complete combustion of fats may be effected without 
the presence of recently ingested carbohydrates Or the carbohydrate 
radicles of the proteins may be sufficiently available for the complete com- 
bustion of fats In any case, patients suffering iiom typhoid fever and 
on practically a starvation diet are comparatively free fiom acidosis 
Many have insisted that the total ammonia excretion rather than its 
ratio to the total urinary nitrogen should be taken as the index of 
acidosis In many conditions in which the total nitiogen is not high 
this rule is clearly applicable Yet ammonia possibly has other func- 
tions besides that of neutralizing acids, and with every increase in total 
nitrogen there is normally an increase in absolute ammonia nitrogen 
In typhoid fever with a daily excretion of 15 to 25 gm nitrogen one can 
attribute no pathological significance to a moderate excess ovei the total 
ammonia excretion of health which has been established by Folin at 
about 6 7 gm In typhoid fever the total ammonia does not usually much 
exceed this figure Increased acetone has been found by von Jaksch, and 
beta-ox 3 hutyric acid by von Yoorden The acetone bodies w^eie not esti- 
mated in the present cases 

KUEXTIiSriN 

The observations on the excretion of kreatinin and kreatin in typhoid 
fever seem to have important bearing not only on the metabolism of this 
disease but on the general physiological significance of these substances 
It has been pointed out by Eolin® that the chief factor determining the 
elimination of kreatinin is the weight of the person, and he has further 
defined this factor as the mass of active protoplasmic tissues Shaffer 
has shown that the hourly excretion of kreatinin is remarkably uniform 

6 Folin, 0 Am Jour Fhysiol , 1905, vni, 85 

7 Shaffer, P Proc Am Soc Biol Chem , 1907, i, 22 Am Jour Physiol , 
1908, x\ii, 445 Am Jour Physiol , 1908, xxiii, 1 
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that It IS imafiected by gieat changes in the amount of piotein mgesto-l 
by duuesis, oi by active exoiciso Theie is, theiefore, a some^diat hxerl 
lelatmn between the kieatinm excieted and the body weight of the ^ub 
3 ect, ^hicli Shaffer expresses as the “kreatinm coefficient/^ indicating the 
milligrams of kreatinm nitrogen jier Icdo of body weiglit Tins coeffi- 
cient he finds to -vary m health} subjects betirecn 11 7 and 5 4, aveiaae 
S 4 Veiy similar coefficients, 8 2 to 7, have been established foi do^» 
by Wolf and Osteibeig « 

Folm suggested that kreatinm excietion is an index of total endog- 
enous or tissue katabohsm, but fiom studies in various pathological 
conditions, especially in Giaves’ disease, Shaffer would limit the soiiiees 
of minarjf kieatinm chiefly to the muscles and would mterpiet the kica- 
tinm coefficient as the expression of muscular and perhaps general cell- 
ular efficiency Similai conclusions were rear lied by Spiiggs.® who 
found low coefficients m cases of musculai dystiopliy, amiotoma con- 
genita, and myasthenia gravis This view is also strongly supported h'^ 
the observations of Ambeig and MoriilW® who found \en lov kiea 
tmin coefficients in new-boin infants whose muscles are impel fectlv 
developed A relatively high excietion observed in some feiers Shaffei 
ascribes to pathological inciease in the kieatiniu-formmg piocess, coinci- 
dent with the destruction of body proteins and due to higli temperatine 
or the action of bacteiial toxins 

On the othei hand, Mellanby,^^ fiom an extensive stndj of the forma- 
tion and excretion of kieatinm and kreatin, mtiodnces an entiielj neu 
point of view m concluding that kieatinm is formed m the livei and is 
m part converted mto kreatm and thus stored m the muscles until the 
amount of kieatin in the muscles icaches the satuiation pomt, aftei 
uhich the excess of kreatinm continually foimed m the hvei is excicted 
in the mine In cases of hepatic ciiihosis and cancel he lound low 
kieatinm excietion, and m general he is inclined to rcgaid kicatmin 
excietion as an index of hepatic efficiency 

In the present eases the recoids show that kieatinm excietion is 
mcieased dining the actiie peiiods of typhoid fever and diminishes dm 
mg convalescence The total quantit} beais a distinct relation to tbe 
patients weight and rauscnlai deielopment The highest amount ob 
seived, 1 06 gm (K C 15 9), uas on tbe twenty-first dat of a ‘^oieie 
febrile case (14) m a nmscnlar subject, and tbe lowest amount =ecn m 

S Wolf niul 0«torl)Pi£r ‘Biocliem Zt'iclu 100“ v 304 
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an uncomplicated case, 0 16 gm (Iv C, 5 7), occuiied m a young bo} 
(16) duimg convalescence In geneial it may be said that in adults suf- 
feiing fiom tvphoid fevei a kieatmin excietion of over 0 5 gm belongs 
to the febiile peiiod, while duiing convalescence the kieatmm intiogen 
usually falls below 0 5 gm In one case (20), that of a young giil 
gieatly emaciated and veiy anemic, it fell to 0 13 gm (K C , 3 6) on the 
f 01 1}^- thud day in convalescence 

Theie is thus distinct evidence of a pathological mciease in kiea- 
tinm excietion belonging to the t 3 'phoid piocess The highest quanti- 
ties and the highest coefficients appeal in the seveie stages of the disease 
while the absolute amounts dimmish nitli convalescence and some veiv 
low coefficients ajipeai in emaciated and veiy weak subjects (Ca'^es 19 
and 20) 

These lesults do not enable one to decide between tlie meiits of the 
contending hypotheses legaiding the significance of kieatmm 

During fevei all the piocesses nonnallv involved m nitiogenou* 
metabolism seem to pioceed in increased lolunie so that tlie livei, iihile 
concerned m elaboiatmg enoimous amounts of iiiea, may also, accoid 
ing to Spriggs, be pieparing an excess of kieatmm which oveillows fioin 
the muscles to the urine , or, according to Sliatler, the increased muscle 
metabolism diiectly yields an excess of kieatmm The peculiai muscu- 
lar weakness which maiks the onset and couise of typhoid fevei ven 
probably lesides chieflv in distuibed inneivation, and the high laea- 
tinm excretion at such periods may properly be mleipieted as of toxic 
significance The veiy low kieatmm coefficients observed in some veiy 
veak and emaciated subjects (as Cases 19 and 20), and the much highei 
coefficients found in other patients ivlio ivithstood the disease more suc- 
cessfully, favoi Shatfer’s hypothesis The present data do not seem to 
offei any new basis for the discussion of the relation of kieatmm to 
kieatin 

KREATIN 

Kreatm appeared m the mine nearly constantly m the active peiiods 
of the disease and disappeared during com alescence Its appeal anee is 
coincident with the peiiod of negative nitiogen balance and general loss 
of Height The highest amount observed was 1 gm kreatm nitrogen on 
the sixth day of a severe case (18), when the total nitiogen leached the 
highest figure in oui senes, 33 65 gm , with a nitrogen loss on balance 
of 30 gm , while the temperature rose to 103 F The patient then 
neighed 155 pounds and was losing flesh in the rapid manner chaiactei- 
istie of seveie tj^phoid fever At this time the kreatm nitrogen was 
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nearly three times as abundant as the kreatmin nitrogen Also in Case 
20 the kreatm nitrogen several times exceeded the Icreatinin nitrogen 

The kreatm was rather sensitive to slight disturbances of temperatuie 
dnrmg convalescence, persisting throughout the slow recovery of Patients 
16 and 20 and reappearmg with a slight rise of temperature in Case 11 
Yet it disappeared before fnll defervescence in Case 17 and failed to 
leappear in a mild relapse in Case 15 As a lule the kreatm nitrogen 
was low m the milder cases and its disappearance from the urine proved 
a favorable sign 

These features are consistent with the view expressed by Shaffer, that 
Icreatm is a product of the destruction of mnscle protein 

URIC ACID 

The uric acid nitrogen varied considerably 'from day to day, but 
always within limits that may be regarded as normal It was highest 
(maximum 0 46 gm ) m the febrile penods and in general exhibited a 
declining tendency with the fever but failed to show any definite rela- 
tion to the clinical features A veiy low excretion may be noted in one 
case (15) over a period of four days, durmg which the temperature va-s 
103° P, while m Case 17 there was some indefinite indication of the 
postcritical mcrease reported by Gordes 

REST NITROGEN 

Changes m the rest nitrogen presented some of the most significant 
featnres of the metabolism Smce a fall m urea nitrogen is usually 
comcident with a rise in rest nitrogen, most of these features have 
already been indicated m the discussion on uiea Durmg severe febrile 
periods of favoiable cases the urea runs high and the rest nitrogen lou 
but m graver conditions the urea tends to fall below 70 per cent and 
the rest nitrogen rises toward or above 20 per cent In tv o fatal cases 
(8 and 9) extensive rises in the rest nitrogen to 23 76 per cent and 
26 57 per cent (6 24 gm ), with corresponding falls in urea, occuned 
shortly before death In these fatal cases the urinary sediment con- 
tamed crystals resembling leucin We believe, therefore, that the high 
rest nitrogen of such cases signifies in some degree defective urea form- 
ing function of the liver 

Smce the diet during the severe febrile stages of the disease iia= 
very low and uniform an influence on the rest nitrogen from this source 
may be excluded During convalescence, however, striking variations in 
the rest nitrogen seemed clearly referable m several cases, notably in 
19 and 20, to the addition of meat to the diet We interpret this result 
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as indicating that tlie organism was at tliat time nnable to metabolize 
fully the pioducts of digestion of piotein food, wliicli tlieiefore passed 
out in tlie mine unchanged This observation may be brought in accord 
with the experiments of Glaessner/^ who found that feeding ammo- 
acids in certain diseases of the liver was followed by their excretion 
unchanged in the urine 

The significance of high rest nitiogen m the active febrile and in the 
convalescent afebrile stages of typhoid fever, if our interpretation pioves 
coirect, is therefore essentially dilfeient In the former period it repre- 
sents endogenous metabolism, in the latter it may indicate imperfect 
exogenous or food metabolism It is obvious that this observation may 
throw light on the significance of the rest nitiogen in many othei con- 
ditions, and especially in those in which the diet vanes Tor example, 
a rest nitrogen ratio of 20 per cent , as often observed m moribund cases 
of acute yellow atrophy in which little oi no food has been taken foi 
several dajs, may hare quite a different sigmfieance from that of a sim- 
ilar ratio occunmg m a case of constipation in an overfed but otherwise 
healthy subject 

While the greater significance of the changes referable to endogenous 
metabolism may readily be granted, it should be noted that in some of 
our patients (10 and 16) the addition of meat to the diet, and a conse 
quent rapid rise in rest nitrogen, was marked by a considerable rise in 
the pulse and temperature and distinct discomfoit to the patient Such 
disturbances in typhoid fever aie commonly referred to ^indigestion ’’ 
'‘Febns cairns” is a long-recognized featuie of the dietetics of typhoid 
fever and other diseases It has been variously interpreted, but would 
seem to receive an adequate explanation in the present urinary analyses 
In several cases (12, 14, 15, 16, and 18) we have noted the combina- 
tion of increased rest nitrogen, increased indicanuria, soon followed by 
albuminuria 

In some instances these features followed the addition of meat or 
eggs to the diet, while, at the same time, some disturbance of the pulse 
and subjective condition was commonly observed These attacks, like the 
former, may probably be interpreted as the result of imperfect metabo- 
lism of digested and putrefaction of undigested protein food 

Eeviewing the data of the foregoing report, perhaps the most nota- 
ble feature is the demonstration that the severest sjmiptoms of tvphoid 
fever, including high temperature, stupor, and incontinence, may be 
tolerated with practically a normal urea formation In Case 22 onlj 

12 Glaessner Ztselir f exper Path u Therap , 1907, iv 336 
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the high total mtiogen, the kieatmm, and the kieatm i\ouId suggest 
that the patient iias not m a noinial state of health This patients tis 
sueS;, hoivevei^ weie partly piotected by the ingestion of consideiable food 
and he made a lapid and complete loeo^ely On the othei hand, in 
fatal eases the nitiogenous metabolism is badly deianged, nith a shaiji 
fall in urea nitiogen and coiiesponding use in lest uitiogen, showing 
that in these cases the fatal issue was iiiaiked 03' a collapse in the uiea 
foiming function of the oiganism Betw'oen these two extieines fall 
nianj cases wuth vaiying giades of metabolic distuilianee and geiieialh' 
w’lth coiiesponding depaituie from the most favoiable clinical couise 
These obseivations on the integrit}’’ of the urea-fonmng function 111 
seveie typhoid fever may be inteipreted as favoiing the belief of Benedict 
and Suian}! that the excessive nitrogen elimination of tiphoid fevei is 
not evidence of toxic destruction of cell pioteins but a lesult of simple 
hypei activity of metabolic functions Yet these -.patients aie often 
extiemely ill, they present the clinical signs of intoxication, including 
stupor, sulisultus, and lapid emaciation, and, unless one cliooses to call 
nothing toxic w^hich is not abnormal in t3pe, the very actnity of tlie 
nitrogenous metabolism in tiphoid fcier must be included as a faetoi 
in the moibid complex of the disease That this livpeiactn itv is not 
directly connected wath the neutialivation of typhoid endotoxins mav 
readily be granted ivithout lessening its importance as a source of moibid 
phenomena in the disease Moreovei, the excessive urea formation is 
associated wuth high excretion of kieatin and kieatinin which aie dis 
tinctly abnoimal featuies of metabolism 

Since in the ‘?o-called fatal toxic cases this Inpeiaclivity of tlie uiea- 
forming function is not maintained, one must conclude that death in 
these cases is partly referable to a loss of efficiency in these m eractmg 
functions If this conclusion is collect it offeis mppoit to the mow tliat 
fatal uncomplicated typhoid fever is largeh an outo-intoxication, in all 
the essential paiticulais in which that condition is now undeistoocl 

A second fact of special inteiest in these data is the diffeieiit sig 
niticance which seems to belong to the rest nitiogen in seieic febiile 
stages of the disease in patient^ taking little 01 no piotoin food, fioni 
that attaching to the rest nitrogen in con^alescent cases wlien protein 
food IS fiist added to the diet In the foimei condition a high icat uitio 
gen would seem to indicate that the endogenous metabolism is faulti 
and that the organism fails to synthesize uiea e^en fiom its own natne 
ingiedients Under these conditions a high lest nitiogen indicate^ a 
grave defect in metabolic functions In coinalesccnce howcier when 
the endogenous metabolism i=J piacticalh noinnl the organism is un- 
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able pioperly to metabolize ingested alien ainino-acids nliicli pass ont m 
the nrine imclianged Heie tlie lesnltmg higli lest mtiogen is of mneli 
less senous significance, allliougli sometimes attended nitli siibjectiic 
distiiibances 

These obseivations on the occmrence of high lest nitiogen in two 
peiiods of typhoid fevei seem to us to suppoit the view that the anatom- 
ical alteiations in the Inei of typlioid fever aie essentially connected 
with the distuibance of metabolism They also suggest caution in the 
eaily addition of meat to the diet of convaleseeiT t 3 phoid patients 

In seieial cases, notably on the thirty-eightli da} in Case 16, the 
''imultaneous oceuiience of luci eased lest nitrogen, indicamiiia, and 
albuminuria uas noted and often 'subjective symptoms weie added, sucli 
as fevei, acceleiation of pulse, vomiting, and geneial discomfoit The 
iiici eased lest nitiogen in these cases we inteipret as the icsult of defect- 
ive function of the ]nei and failuie to change aniino-acids into uiea 

An excessive foimation of iiidol fiom intestinal putrefaction, mai 
be a factoi in the distuibance bi interfeiing ivith the nutiition of tin's 
oigan These obseiiations, vhieh we have duplicatecl in the toxemia 
of piegnancy seem to explain the fehus cairns and may be of sig- 
nificance in the etiologv of nephiitis and m the i elation of distuibances 
of tfie liver to Blight’s disease AYhether attacks of this chaiacter have 
am lelation to relapses in the disease has not been demonstiated in 
these data, Imt it vould seem not impiobable that distuibances in metab- 
olism may have important influence in this direction 

Finall}, the most obMous conclusion of this study is the inadequac\ 
of the diet used in these cases and of that geneially employed in typhoid 
fevei Wlien a patient is losing 20 to 30 gm of nitrogen dailv on bal- 
ance it can not be said that am success is being attained in combating 
the most important featiiie of the metabolic distuibance in the di'^ease 

REPORTS OF CASES 

Case 14 — Patient — ^IMuscular negro, aged 26, noimal n eight, about 165 oi 
170 pounds, admitted to Bellevue Hospital Maich 19, 1907, seivice of Dr Alex 
andei Lambert He bad lost considerable flesb before admission and on tbe 
tiventy-seeond day iveigbed 148 pounds on tbe tbirty-second day, 139 pounds, on 
the tbiity-eigbtb day, 148 pounds Blood examination on tbe seventeentb day 
gaie 5,600 leucocytes 50 per cent polynucleai , Widal reaction positive and cul- 
tiue positiie Tbe patient presented tbe appearance of a ratber toxic type of tbe 
disease He emaciated lapidlv and tbe mental condition was soniewbat stuporous, 
althougb tbe temperatuie Mas not bigb These features coincide Mith the high 
nitiogen output Tlie nitiogen paitition, boweier, Mas noimal tbe uiea latio 
being one of tbe highest obseiied in tins senes of cases, and tins fact we are dis 
posed to connect Mitli tbe lapid and complete recoieiy and tbe fieedoni fiom com- 
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plications The ease suggests a dependence of the toxic condition on the excessne 
protein destruction, and raises the question whether these toxic features nn"ht 
not have been reduced if the protein destruction could have been prevented 

Diet — On the ninth and tenth days the patient received 2 8 gm N, 75 calories, 
in the form of chicken broth and gelatin, and excreted 23 5 and 28 7 gm IT, a 
total loss of 46 6 gm m the two days On the following five days he received 2 9 
gm N, 171 calories, and excieted 29 to 21 gm N On the twenty eighth day the 
diet was raised to 311 calories vith 3 9 gm 17 Thereafter there was a steady 
fall in nitrogen excretion, except on the thirty third day, when 27 2 gm were 
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thirty second day 109 pounds, thirty seventh day, o poun ' 

119 pounds On the twentieth to twenty third days the w^ ’ 

restlLs at night and complained of abdominal pain 
from the twenty-fourth day comfortable Blood examination t,a e 
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60 pel cent polynucleai Widal incomplete, culture positive The i elapse about 
the foity-fourth day was associated with pharyngitis and indicanuria, but with- 
out typhoidal symptoms 
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This case represents a sharp attack of typhoid fever rapidly improving The 
chief point of interest is the rapid change in the nitrogen partition coincident 
with improvement in the clinical status The considerable loss of weight and the 
rather low urea N seem to coincide as features of a somewhat severe typhoidal 
process 

Diet Trom the fourth to eighth days the patient received chicken broth, 
jelly and craekeis, total N content, 3 60 gm During this time the N elimination 
varied between 13 and 14 gm , a loss pei day of about 10 0 gm On the sixteenth 
Rggs and rice were given, increasing the nitrogen ingested to 5 51 gm and 
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mmoGEi\ous metabolism in typhoid 


the heat value to 456 calories Theie uas no maiked change in the nitro<ren con 
tent of the urine On the twentieth day the patient lecened 7 06 gm°X and 
1,034 calories The nitrogen output was still 11 78 gm 

16— Male, aged 13, admitted to Bellevue Hospital Apiil 2 
190/, senice of Dr Alexander Lambert Luring the seventeenth to twentieth 
days of the disease the patient was restless, on the twenty-first day comfortable 
ra the twenty-second day hungry On the seventeenth day the blood gave a positive 
Widal reaction, and showed 5,000 leucocytes, of which 64 per cent were poly- 
nuclear The weight ran as follows Seventeenth day, 67 pounds, thirtieth day 
60 pounds, thirty-ninth day, 62 pounds, forty-second day, 60 pounds fortv- 
fourth day, 64 pounds, fifty third day, 70 pounds 

This case is one of a mild typhoid fever in a young boy On the tliii ty sixth 
day of the disease there was a mild relapse lasting about one week It was at- 
tended by marked albuminuria and indicanuria The total nitrogen rose slightly, 
the urea X fell from 88 per cent to 59 per cent , kreatin reappeared, uric acid 
increased, and the rest N i ose from 2 7 per cent to 28 9 per cent 

Diet — From the seventeenth to twenty-sixth days the patient received chicken 
hioth, crackers and jelly, containing 3 0 gm X and 218 calories Dming this 
period there w'as a daily loss of X of about 4 gm From the twenty-seventh to 
thirty-seventh days he received 5 5 gm X and 789 calories The nitrogen e\cre 
tion then varied between 6 and 10 gm Towaard the end of the observations he 
recewed 6 8 gm X and about 1,774 calories, while the nitrogen output ran be- 
tween 5 and 7 gm Before leaving the hospital he was placed on soft diet, of 
which the nitrogen and caloric value were not determined 

Case 17 — Patient — Man, aged 29, admitted to Bellevue Hospital April 3, 
1907, service of Dr Alexander Lambert Weight, eleventh day, 117 pounds, 
thirty sixth day, 112 pounds The patient was at no time very sick, complaining 
chiefly of headache and neuralgic pains Blood examination on the e eventh day 
showed 6,800 leucocytes, Widal positive, culture positive The chief point of 
interest is the slight change in the nitrogen metabolism and the mild sjmptoms 
Xevertheless there was a mild relapse covering the forty third to fifty-sixth davs 
Diet — From the twelfth to the twenty third days of the disease the patient 
leceived a diet of crackers, jelly and chicken broth, containing 3 2 gm N and 219 
calories From the twenty-third to thirtieth days rice w as added, making 4 94 
gm X and 640 calories The output at this time was 10 8 to 14 gm X 

Case 18 — Patient — ^]\Ian, aged 29, weight 155 pounds, admitted to Bellevue 
Hospital April 8, 1907, service of Dr Alexander Lambert On the sixth day 
patient complained of severe headache, difficult urination, and took v cry little 
food Definite improvement began on the eighth day 

This case presents the termination of a rather severe attack of typhoid fever 
Tlie chief point of interest is the high total nitrogen of the sixth day, with nor- 
mal partition In the third week sharp increases in the rest nitrogen were as 
sociated with increasing albuminuiia and high indicanuria 

From the sixth to eleventh days he received arrowroot jelly, rice, but- 
ter and chicken broth, containing 2 8 gm X and 1,671 calories including 720 
calories in butter On the seventh day he eliminated 33 6 gm L a net loss for 
that day of 30 gm , equal to 900 gm of muscle tissue During the rest of tins 
period he excreted in the urine 16 to 20 gm N daily From the fourteenth to 
twentv-third days he was given hominy and chicken broth, confaining 2 5gm > 
and 425 calories Tlie nitrogen output during this period fell to 8 C gm 
CASE 19 -Patient -Woman, aged 35 I 

admission to Xew York Hospital, service of Dr Conner, Aug 12, 1908 The pa- 
rent ran through a very severe attack of typhoid fever, the temperature reaching 
104 F or above from the seventh to eighteenth day, declining abruptlv on the 
tvventy-first dav During the febrile pe.iod there were constant delirium or 
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stupor, frequent vomiting, rapid emaciation and incontinence of urine Several 
blood cultures were negative Widal positive Lumbar punctures were seieral 
times performed on account of meningeal symptoms 

On account of vomiting and stupor the patient received very little nourish- 
ment, and toward the end of the febrile peiiod was in a state of almost complete 
starvation, the stomach retaining nothing After defervescence, delirium, vomit 
ing and incontinence continued and the patient remained in a very critical con- 
dition About the twenty sixth day the temperature fell, there was some slmht 
improvement in the pulse and mental condition, and incontinence ceased, but the 
patient still refused food or vomited most of that ingested At this time the 
weight was 89 pounds After the twenty-sixth day the patient began to retain 
some pasteurized milk On the thirty seventh day 100 gm of chicken, 60 gm 
bread, 25 gm butter and 55 gm egg were taken (N, 4 91 gm , calories, 596) and 
similar food was offered thereafter, but was partly refused or vomited The oh 
servations terminated when the patient, in a very weak eondition, weighing 94 
pounds, was taken to the country She eventually recoi'ered Although extreme 
care was observed it was found impossible, using the catheter every 4 to 6 houis, 
to collect all the urine, small portions of which were frequently lost Yet the 
portions lost were carefully estimated and were not large, so that the total 
amount obtained on days when none was lost did not vary gieatly from that of 
other days, and constant relatiim anuria clearly existed While realizing that 
this deficiency vitiates the observations on total nitrogen, we do not believe the 
error from this source to be large 

With this reservation we may note several interesting features in this case 
First, a state of advanced starvation existed toward the end of the febrile period, 
during which, with very low total N, the urea N remained unusually higli and 
the ammonia N and the rest N relatively low, suggesting that the presence of 
fever may eliminate the usual features of the nitrogen partition of starvation 
Second, a considerable rise in the ratio of urea N during the twentieth to tnentv 
second days indicated an improvement in metabolism in spite of a sharp exacerba 
tion of fever, this improvement heralding a rapid defervescence Third, the steadv 
decline in urea N ratio and rise in the ammonia N during convalescence suggests 
the appearance of starvation acidosis Fourth, the striking increase in the rest 
N on the thirty-seventh day followed the addition to the diet of meat and eggs 
and suggests that the organism was unable to metabolize properly the products 
of digestion of this rich protein food At the same time the pulse was accelerated 
15 to 20 beats, the temperature rose 2° on the thirty-mnth and fortieth days, 
and the patient was less comfortable and vomited occasionally 

Case 20— PatieJit — ^Woman, aged 20, weight on fifty ninth day, 78 pounds, 
admitted on the fifteenth day of disease to New York Hospital, senice of Dr 
Conner, Aug 29, 1908 The patient ran through a very seiere attack of typhoid 
fei er, complicated by extensive hemorrhages Tlie temperature from the fifteenth 
to the twentv second day reached 104 to 105 F, falling during the dais of hemor 
rhage (nineteenth and twentieth of illness) After a short remission on the twentv- 
fourth dav it rose again and continued aboic 104 until the present obsenations 
be<^an, when its course is indicated in the table Incessant vomiting nullified all 
attempts at feeding Two large hemorrhages reduced the hemoglobin to 30 per 
cent and left the patient in a critical condition for seieral days The return of 
feicr was accompanied bv vomiting, excessive tvmpanitcs a rerv low nerious 
state, repeated small bleedings with imoluntary stools, and consolidation of the 

lower lobe of right lung, twenty serenth dav 

At the beginning of the urinary analyses the patient was teking ien little 
nourishment, vomited occasionallv and was extremely feeble ^ 

fall to 100 until the forty sixth day On the 

she retained a little barley water, on the thirty third dav 50 gm of lacto-c vere 
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given but vomited, on the thirty-fouith day 75 gm of lactose (300 caloiies) weie 
retained On the thiity-fifth day she took sciaped beef 1 ounce, beef juice 0 5 
ounce and 190 gm lactose (N, 1 gm , caloiies, 785), and on the thiity-sixtli day 
one egg, ice cieain, 6 ounces, broth, 6 ounces, toast, 25 gm , beef juice, 2 ounces, 
lactose, 125 gm (N 1 8 gm , caloiies, 910) Theieaftei a someubat similai diet 
was maintained undei ■which veiy slow impiovement began Discharged cuied, 
seventy-fifth day 

In this case oui obseivations cover the teiminal febiile peiiod and beginning 
convalescence of a lemaikably seveie typhoid feiei Dining the entire period the 
patient was i educed to an e\tiemely low state of vitality, in which typhoid in 
toxication, pneumonia, anemia and starvation weie combined Tlie veiy low total 
nitrogen we lefer to this general condition On account of incontinence the mine 
was diawn by cathetei The fiist analysis gave low uiea, consider able ammonia 
and rather high rest nitrogen, •which accord ivith the usual findings of severe 
febiile stages of typhoid fevei The later fall in uiea we are inclined to refer 
in part to starvation acidosis On the thiity-fifth day the addition to the diet of 
scraped beef and beef juice was followed by a striking inciease in the rest N, in 
dicating, as in Case 19, that the organism ivas unable to metabolize the pioducts 
of digestion of this piotein food The considerable evcietion of kieatin accords 
with the e'vtieme loss of flesh As impiovement set in the kieatin diminished 

Case 21 — Patient — ^Woman, aged 38, weight on twenty-ninth day 107 pounds, 
admitted Oct 1, 1908, to New York Hospital, service of Dr Conner The patient 
lan through a -typical sharp attack of typhoid fever lasting 28 days The chief 
feature was the temperature, which leached 104 2° on the third day, and re 
mained constantly between 104° and 106° until the eighth day Theie was rapid 
loss of flesh, consideiable diaiihea and abdominal pain but no grave symptoms 
The diet consisted of small quantities of meat bioth, custard, gelatin and lactose 
Beginning on the fifth day, 75 to 100 gm of lactose were given, on the eighth 
day, 115 gm , ninth to eleventh days, 45 gm , twelfth day, 70 gm , theieaftei 
about 200 gm On the thirteenth day the estimated caloiies of the diet were 
2,064, which was maintained The patient made a quick lecoyeiy 

The urinary analyses show a high gross urea latio, low rest N and yeiy favor- 
able course, notwithstanding the high fever The low total N may be lefeiied to 
the carbohydiate diet which was instituted at the suggestion of Di Connei to test 
the influence of this diet on the course of typhoid fever In spite of tins diet the 
ammonia N reached oi possibly e-s-ceeded the upper limits of a normal standard 
The indican was unusually low The albuminuria was paitly the result of men- 
struation, but most of the ui me was drawui by catheter 

Case 22 — Patient — ^hlan, aged 26, admitted to House of Belief, seivice of Di 
Conner, Beb 19, 1909, on the eleventh day of the disease The patient passed 
through a very seveie attack of typhoid fever, the temper atuie foi tw'enty-foiir 
days remaining between 101 and 105° F Constant apathy oi stiipoi incontinence, 
subsultus were present until the twenty-fourth day, when the patient impioved 
slightly Becovery wms then rapid, but convalescence w'as interrupted by cystitis 
and multiple arthritis, which were attributed to the catheterizations On the 
forty-ninth day he weighed 115 pounds 

The striking features of this case weie the maintenance of a very high uiea 
ratio during severe stages of the disease, and the prompt recovery Throughout 
the disease the patient took nourishment ivell Fiom the eleventh to twenty- 
second days the diet consisted of milk, 60 ounces and lactose 300 gm (N, 9 3 gm 
calories, 2,350) Thereafter the diet was maintained as indicated in the table 
To Dr T P Laurie, house physician, we aie indebted for very careful supervision 
of the case during the period of observation 

Note ^In addition to the articles cited in the te-^t, the folloiving may be con- 
sulted Ewing Bloc Philadelphia Path Soc , 1905, new' senes, viii, 65 New 
Yoik Hed Becoicl 1907, Kxi, 537 
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During recent years the role of chemical agents in the development 
of edema has received considerable attention and seveial Iheoiies have 
been propounded mth a view of explaining all forms of edema on a 
chemical basis As a consequence the importance of mechanical factois 
has been somewhat discredited Previous studies of the mechanical 
agents in acute pulmonary edema would indicate that heie the phenom- 
ena may he explained on a mechanical basis A continuance of these 
studies might, tlierefore, be of interest in order to determine whether 
pulmonary edema the result of other means than those pieviously em- 
ployed could be explained without the aid of chemical agents 

In an exhaustive article published m 1878, William H WelclT made 
the first attempt to explain, on an experimental basis, the phenomena of 
acute pulmonary edema Working with rabbits lie determined that liga- 
tion of the thoracic aorta, in such a manner that the only outlet w as the 
left carotid and left subclavian, produced uniformly in animals w'lth 
strong hearts a marked pulmonaiy edema In animals wuth presumably 
weak hearts, as shown by the failure to respond to a use in the pulmo- 
nary blood pressure, edema did not occur He also determined that pul- 
monary edema could be produced by marked constriction of the pulmo- 
nary vein or compression of the left ventiicle to the extent that its 
capacity was reduced 75 per cent He noted that all of these procedures 
caused a marked rise in pressure in the pulmonaiy arter}, which he 
considered a very important factor in the development of edema Welch 
fonnulated the results of Ins experimental work in the following words 
^^Mechanical edema is the result of a disproportion between the working 
power of the left ventricle and the right ventricle of such a charactei 
that, the resistance remaining the same, the left heart is unable to expel 
m a unit of time the same quantity of blood as the right heart This 
explanation of pulmonarj’’ edema gave as the important factor passive 
congestion in the pulmonar}’^ arter}’’ Welch's theorx’ called forth consid- 


*From the Laboratory of Experamental Therapeutics. Un.iers.tv of Clucigo 
1 Welch, W H Zur Pathologic des Lungenodems Tirchow s Arch f path 


Anat , 1S7S, Iwii, 375 
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eiable ciiticism, especially fiom clmicians wlio attempted to apply this 
explanation to acute pulinonaiy edema in man Sahli called attention to 
the absence of evidence of intense hyperemia m pulmonary edema, espe- 
cially in nephritic and cachectic conditions Welch answers this criticism 
by saying that tlie color of diopsical tissues is an unsafe guide as to 
their blood content, as a pale dropsical lung may be markedly hyperemic 
Especial stress has been laid on the character of the pulse duiing an at- 
tack Willie usually small and lapid, it is at times normal or even of 
high tension (Sahli,® Hewlett,^ Riesman,^ Crummei'^) The presence of 
high pressure has been used as an aigument against impaired activity 
of the left ventricle Welch’s reply to this criticism was that complete 
paralysis of the left ventiicle is not necessary to cause a disproportion 
between the working power of the two ventricles 

Welch’s experiments weie lepeated by Majei,® Sahli- and Lowit'^ 
Mayer obtained the same results, but considered the use in systemic 
piessure to be due to vascular spasm excited by the cerebral anemia 
Sahli, woiking with dogs instead of rabbits, was able only infrequently 
to produce edema, which he explained by the greater permeability of the 
vessel walls in labbits, and this factor lather than mechanical agents he 
considers responsible foi the edema Lowit, in repeating the experi- 
ments, obtained the same results, but considers overfilling of the pulmo- 
nary vessels as an important element By taking the pressure in the 
left auricle and at the same time in the pulmonary and systemic circu- 
lation, he made the interesting observation that an increase in the pul- 
monary artery may be associated with lessened pressure m the left 
auricle or vice veisa^ that is, that direct transmission of pressure through 
the pulmonary artery to the pulmonary vein does not necessarily occur 

Both Lowit and Bettelheim® were able to produce pulmonary edema 
by ligating the left coronary artery, the edema being associated with a 
fall in the systemic and a rise in the pulmonary pressure 

2 Sahli, H Zur Pathologic und Therapie des Lungenodems Arch f expei 
Path XL Pharmakol , 1885, xix, 431 

3 Hewlett, H IVI Four cases of acute suffocative pulmonary edema In- 
tel colonial Med Jour , Australasia, 1903, viii, 611 

4 Riesman, D Acute pulmonary edema, with special reference to a i eeurrent 
form Tr Assn Am Phys , 1906, xxi, 155 

5 Crummer, L Acute suffocative pulmonaiy edema Northwestern Lancet, 
1902, xxii, 203 

6 Mayer, S Verhandl d Akad d Wissench Wien , 1878, Ivxrii, 266 

7 Lowit, M Ueher die Entstehung des Lungenodems Beitr z path Anat 
u z allg Path , 1893, xiv, 401 

8 Bettelheim, J Ueher die Storungen der Herzmechanik naeh Kompression 
der Arteria Coronaria sinistra des Lungenodems Ztschr f klin Med , 1887, 
Ml, 550 
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Grossman® and Lo\^it produced pulmonaij edema in dogs b} intra- 
venous injection of muscaim nitiate Giossnian lepoited a fall in the 
systemic pressuie, with a temporaxy fall followed by a use in the pulmo- 
naiy arteiy He explains these blood-pressuie changes by a selective 
action of the drug causing spasm of the left veutiicle He calls atten- 
tion, however, to a few instances in which the rise appeared eailier m 
the pulmonaij’’ artery tlian in the left auiiele, a phenomenon nhich 
could not be explained by stasis in the left heart As Brunton had stated 
that muscaim may eonstiict the pulmonai^^ aiteiy, Giossman cut the 
cord, but found that this did not interfere with the piimaiy use in the 
pnlmonarj aiteiy Biodie and Dixon^® have lecently shoiin that mus- 
earin dilates lather than constricts the pulmonary artei’} Lowit was 
able to produce pulmonary edema with muscaim His results diffei 
liom Giossman in that almost invanabljf the rise m piessuie appealed 
earlier in the pulmonaiy aitery than in the left auricle and thciefoie, 
stasis aiismg horn spasm of the left lentncle could not be the cause 
Grossman and Lowit agiee that evidence of dispiopoition betiieen the 
noiking powei of the tuo sides of the heait develops, but that the cause 
of this dispiopoition is still undetermined Muscaim edema has a diieet 
clinical healing as in poisoning with toadstools {Agancxis imiscauniis) 
pulmouaiv edema is a prominent symptom Pilocaipin, nhich resembles 
muscaim in its action, has piobably been lesponsible foi many attacks 
of pulmonaiy edema in nephiitics Tjson^^ lefeis to the fiequency vitli 
which pulnionari edema appeared at the time it was ciistomaiv to ad- 
ministei laige do^es of piiocarpm m kidney case^ 

Lowit has studied veri caiefullj the blood-piessuie changes asso- 
ciated lutli acute pulmonaiy edema produced bj acetic ethei He found, 
immediatelj after the mtiavenons injection of a small amount a decided 
fall in the sjstoniic blood piessmc and simultaneously uith this a lapid 
fall in the picssuie in the pulmonan’ aitei'^ followed by caidiac stand- 
still Since these piessuie changes do not shov anj evidence of stasis 
Lowit consideied that he had demonstrated that acute experimental 
pulmonarj' edema could be pioduced independent!}' of mechanical agenl® 
As supporting this view, he has been able to cause quite extensne tian— 
udation into the peiitoneal cavitj by the intuipeiitoneal injection of 
but} ric ethei 

9 Giossman, esr Das Muscaim Lungenodem Em Bcitrag rur Mire mn der 
Entstehiing dcs aenten ^Ugeroemon Lungenudems Ztsclir f khn Xlcd , ISS< 

'""lo'^^Broche T G and Dixon W E Contnbutions to tlic pln^^iologv of the 

l)m"s Jour Phrsiol London 1004 xx\ 470 

n Tr=on J ' A discussion of Kicsinnn s paper on acute pulinonan cdeini 

Tr Assn Am Phvs 190G xvi, 175 
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Gumaid and Teisser^- demonstrated typical pulmonary edema in 
rabbits aftei tlie intraTenous injection of 30 mg of methyl salicylate, 
the observed pressuie changes corresponding to those seen aftei the use 
of mnscarin 

Yon Zeissl^^ by intiavenous injection of LngoFs solution into dogs 
was able to produce very extensive pulmonary edema During the devel- 
opment of the edema the pnlmonaiy piessnre always rose, the systemic 
pressnie vaiied, at times a rise, at other times a fall, and, as had been 
observed with acetic ethei, pressuie changes in ihe left auricle that iveie 
appaiently independent of that in the pnlmonaiy arteiy The right ven- 
tricle dilated, the left remained normal oi became contracted Although 
these piessuie phenomena showed the presence of stasis, he considers 
changes in the vessel walls as probably an impoitant factor in the devel- 
opment of the edema 

Finally, theie is the expeiimental work of Powkusky^'* with carbonic 
oxid He was able to cause extensive edema in dogs and i abb its by this 
means Blood-piessuie measurements were not made, but he reports 
that dining the experiment the left side of the heart appeared empty and 
contiacted, the right heart full and dilated and the pnlmonaiy aiteiies 
distended with blood — precisely the appearance that had been noted after 
acetic ether and lodid 

Summaiizing the cardiovascular changes observed m the pnlmonaiy 
edema produced by these various chemical agents, we notice a sti iking 
similaiity Generally there is a fall in the systemic piessnre and a rise 
in pressuie m the pulmonary arter}" At the same time the right side 
of the heart becomes dilated, the left remains normal in size or, as some 
have maintained, contracted Pressuie changes in the pulmonary alter} 
are not necessarily associated with corresponding changes in the lefr 
auricle, since a use in pressuie in the pulmonary aitery may be asso- 
ciated with a fall in pressuie m the left auiicle or vice veisa 

EXPERIjMENTAL OBSERVATION'S 

Oul experimental work was undei taken with a view of determining 
the following questions fiist, whether acute pnlmonaiy edema, produced 
by other agents than those already tired, is associated with a rise in 

12 Guinaid, S , and Teissei, J Noiivelles leeheiehes expCiimentales sui la 
patliogeme de I’oedeme aigxi du poumon Jom de physiol et de path gen , 1901, 
in, 42 

13 Van Zeissl, INI Uehei Lungenodem in Folge von Jodintovieation Zt^chi 
f klin Med, lS9a, x\mi 3G3 

14 Povkuskv, V' Uehei die Veigiftung niit Kohlenovydgas Vii chon’s 

Aieh f path Anat , 18G9, \\\ 524 
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piessure m the pulmonaiy artery, second, to lepeat the experiments with 
acetic ethei, since in the previous work the acetic ether had been an ex- 
ception, inasmuch as it produced pulmonary edema without an mciease 
in pressure m the pulmonary artery, third, the value of various agents 
in controlling the development of modifying the course of acute expeii- 
mental pulmonary edema 

Nitnc oxid, ammonia vapors and illuminating gas are all lecoguized 
as causing acute pulmonary edema in man Halh® reports three eases of 
edema in firemen exposed to the fumes of nitric oxid, 'and pulmonary 
edema under similar circumstances^® has been noted with ammonia 
vapors Adrenalin often produces a pulmonary edema in rabbits, and 
Sahli refers to the frequency with which pulmonary edema occurs in 
dogs poisoned by h3^diocyanic acid These various agents were emploj'cd 
in our work and, in addition, the effect of artificial mitral stenosis on 
the pulmonary circulation Dogs were used in most of our expeiimental 
work In a few cases rabbits weie utilized instead Ether was used as an 
anesthetic Artificial respiration was maintained Dy a bellous and motor 
The pressure in the pulmonary artery was deteimined by a mercury 
manometer, the descending arm of which had tuice the diameter of the 
ascending arm, in this way slight changes in pressure could be more 
readily detected The cannula was tied in the branch of the left pulmo- 
nary artery supplying the upper or middle lobe The systemic pressure 
uas taken from the right carotid Pulmonary edema was considered 
present when froth either issued from the trachea or could be expressed 
fieely from the large bronchi by moderate compression of the lung 

Nitiic Oxid — Hitnc oxid was generated from a mixture of metallic 
copper and mine acid The fumes were forced from the flask m which 
they uere generated into the tracheal tube, wheie they became mixed 
uith the ether vapor As soon as a small amount of the gas had been 
inhaled, there was a very decided fall in the carotid pressure uith a 
veiy slight fall m pressure in the pulmonary artery The carotid pres- 
sure soon reached a level at vliich it remained stationary, but the pres- 
sure in the pulmonaiy artery steadily continued to fall If the amount 
of gas was suddenty increased, there was at once a fall in pressure in 
both arteries Eight minutes after beginning tlie gas, bradycardia and 
airhytlimia were noted, followed by cardiac standstill There was no 
evidence of unilateral dilatation of the heart at an}' time The lungs 

15 Hall, J M , and Cooper, C E The effects of inhalations of the fumes of 
nitric acid, with report of cases Jour Am Med Assn, 1905, xK, 396 

16 Seieral cases of this character occurred in firemen fighting the flames in a 
icfiigerator plant at the stocks ards in Chicago 



JOSEPH L MILLER— S 4 MATTHEWS 


361 


showed very maiked hemoiihagic edema, blood-imged lioth issued from 
the trachea Here, as m all other edemas, the lower lobes were most 
extensively involved, the posterior median portion of the middle lobe less 
edematous, the remainder of tlie middle lobe still less involved The 
upper lobes usually showed a slight patch in the posterior median por- 
tion The lobe supplied by the branch of the pulmonary artery which 
contained the cannula was always free from edema 

The changes in blood pressure are shown in Table 1 

Table 1 — Changes in Blood Pressure with Nitric Oxid 


Time 

Carotid 

Pressure 

Pulmonary 

Artery 

Pressure 

Remarks 


110 

13 5 

Before giving nitric oxid 

36 seconds 

66 

11 0 

After beginning nitric oxid 

72 seconds 

60 

90 

Inbaling nitric oxid continuously 

250 seconds 

56 

80 

Inhaling nitric oxid continuously 

300 seconds 

32 

60 

Amount of nitric oxid increased 

480 seconds 

0 

00 

Very marked pulmonaiy edema 


At no time throughout the course of this experiment nas there an 
increase in pressure in the pulmonar}' arter}' To consider a disturbance 
in the ratio between the two pressures as of importance in supporting 
"Welch’s theory is more or less fallacious, as drugs like nitroglycerin 
cause a verj^ marked fall in the carotid pressure without affecting the 
pressure in the pulmonary artery If mere disturbance of the ratio was 
an important factor, pulmonary edema w'ould develop under these cir- 
cumstances In this experiment of producing acute pulmonary edema by 
means of mtric oxid, we were unable to detect any evidence of dispropoi- 
tion in the work of the two sides of the heart The pulmonary pressure 
steadily fell There were no signs of overdistention of any single cardiac 
chamber, or of one side of the heart Hor tins leason it would be impos- 
sible to appty Welch’s theory to explain the development of the edema 
It would appear that irritation of the bronchial or alveolar epithelium 
or the underlying vessels was an important factor Cohnheim and 
Liehthem demonstrated that m animals m which they had produced a 
hydremic plethora by transfusion, irritation of the skin with lodin or 
exposure to the sun was sufficient to produce a local edema We must 
bear in mind that in Cohnheim’s experiments a predisposition to edema 
was present Whether such a predisposing factor is essential in the 
lungs, it would be impossible to say There is no evidence in any case 

that this predisposing factor is a disproportion in work of the two ven- 
tricles 

Ammoma Yapai — ^The results obtained by inhalation of ammonia 
vapors were similar to those produced by the nitric oxid It was neces- 
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sary, lio^^evei, to expose the animal for a mncii longer peiiod of time, 
the edema iias less marked and of the pale type. 

Gallon Mo7io%id — ^When the gas was admmisteied slowly the caiotid 
pressure was leiy slightly lowered, the pressure in the pulmonary arteiy 
unchanged or at times showed a very slight rise TFlien the gas was ad- 
ministered nioie fieelj^, a point was reached wheie the S 3 'stemic pressuie 
dropped suddenly to zeio, with extreme slouing followed promptly by 
cardiac standstill Duiing this time the pressure in the pulmonary 
arteiy lapidly fell, standstill of both ventricles occuiTing at the same 
time If the flow of gas was stopped, the heart gradually leturned to 
normal In none of our attempts, either by prolonged slow administia- 
tion 01 the fiee use of the gas, were we able to produce a pulmonaiy 
edema, although, following Powkowsky’s advice, young dogs iiere used 
The experiment was repeated on rabbits, they appeared much more tol- 
erant of the gas than dogs, prolonged free inhalation was required to 
bring about caidiae standstill and the lungs were free from involvement 

Eydiocyanio Aad — Sahli referred to the frequency of pulmonarv 
edema m dogs after poisoning witli hj'-droej anie acid In Geimany it is 
apparently a practice among veteiinarians to kill incurable oi suffeiing 
dogs in this way Salih unsuccessfully attempted to produce pulmonarv 
edema in rabbits with the hydroc 3 'anie acid "We used the dilute acid of 
the U S Pharmacopeia This we administered m various va 3 's oy 
mouth, directly into the stomach, subcutaneously and ]ntraTenousl 3 ', but 
were unable to produce even a moderate pulmonary edema There was 
a slight fall in the carotid pressure, the pulmonary pressure lemaining 
unchanged oi shoving a very gradual loweiing, except in one animal in 
which ve obtained a drop of 30 mm Hg in th^ carotid pressuie with a 
rise of 3 mm Hg in the pulmonan^ aitery, independent of any strug- 
gling without, hou ever, producing an edema Tins single case is sugges- 
tive on account of the evidence of disproportion of work betv een the two 
sides of the heart With stronger solutions or in certain animals this 
difference in piessure might reach a sufficient degree to give rise to a 
pulmonai}’’ edema 

lodids—Lugols solution vas used m these experiments, m the first 
series of 10 pei cent , in the second senes a 50 per cent, and in the third 
series the undiluted solution In Series 1 the animal received intraien- 
onsly 200 e c of the 10 pei cent solution within a period of twenti 
minutes Theie vas a sharp rise in the carotid pressure imraedialch 
after the iniection uas begun, this high pressure being maintained iinii 
about 180 c c had lieen iniected following this there was a rapid fal 
and cardiac standstill Towaid the end the heart becaino iriognhii . loiij. 
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vagus strokes appeared and continued until the end After the injection 
of 100 cc there uas a gradual rise in piessuie in the pulmonary artery, 
which was maintained during the beginning of the fall in the carotid 
pressure (Table 2) 

Table 2 — Chaisges in Biood Pressure with 10 Per Cent Lugol’s Solution 


Time 

Caiotid 

Pressure 

Pulmouaiy 

Piessure 

Eemaiks 



130 

30 

Previous to giving Lugol’s sol 

30 seconds 

150 

32 

Ti ansfusion witli 10% Lugol’s 

sol 

270 seconds 

175 

40 

Had received 100 c c Lugol’s 
Had received 150 c c Lugol’s 

sol 

900 seconds 

180 

44 

sol 

1200 seconds 

50 

40 

Had received 180 c c J/Ugol’s 

sol 

1320 seconds 

0 

0 

Very slight pulmonary edema 



Duimg the use in pulinonaiy pressure the light ventricle and right 
auiicle dilated, the left veutiicle and auiicle lemained normal m size 
thioughout the expel iment The lungs showed a moderate degree of 
hemoirhagic edema 

In the second series the animal received 60 c c of a 50 jier cent 
LugoPs solution, in doses of 20 e c each, extending over a period of 
eleven minutes The animal was a young dog -weighing 5 kilos Duiing 
the preparation the blood pressure became very low After the first dose 
of LugoPs solution there was a distinct rise in the carotid pressure, which 
-« as maintained until the animal had received 60 c c , then the long 
vagus stroke appeared and the blood piessuic fell rapidlj^ This was asso- 
ciated with a distinct rise in the pressure in the piilmonaiy arterv, 
whicli was maintained until the end (Table 3) 

Table 3 — Blood Pressure -smth 50 Per Cent Lugol’s Solution 
Caiotid Pulmonary 

lime Pressuie Piessuie Remaiks 

3G 8 Previous to giving Lugol’s sol 

30 seconds 40 10 After 20 c c 50% Lugol’s sol 

300 seconds 48 11 After 20 c c 50% Lugol’s sol 

720 seconds 0 0 After 20 c c 50% Lugol’s sol 

The condition of the heart was the same as in the preceding experi- 
ment Pulmonaij edema was much more marked than in the first ex- 
pei iment 

In the thud experiment the animal received three intravenous injec- 
tions of 25 c e , each of undiluted LugoPs solution Immediately follow- 
ing the fiist injection there was a marked rise in the carotid piessuie 
and at tlie same time a gradual rise in pressuie in the pulmonary artery 
(Table 4 and Tracing 1) 

The caiotid piessure quicklj returned to the normal level to mount 
up again aftei the second injection, the pulmonary pressure, houevei, 
remaining high until just before death The carotid pressuie following 
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tile thud injection remained unclianged, gradually falling later The 
heart was the same as in the pieeeding series, but the pulmonary edema 
was much more marked 


Table 4 — Blood Pressure avith Undiluted Lugol’s Solution 


Carotid Pulmonary 
Time Pressure Pressure 


90 10 

30 seconds 110 34 

180 seconds 120 36 

300 seconds 70 36 

540 seconds 52 32 

660 seconds 0 0 


Remarks 

Previous to giving Lugol’s sol 
After 25 c c Lugol’s sol 
After 25 c c Lugol’s sol 
After 25 c c Lugol’s sol 

Very decided lung edema 


These results are fully in accord Avith those of Van Zeissl Atten- 
tion is called especially to the appeal anee of the heart dilatation of the 
right auricle and ventricle, the left auricle and ventricle normal Van 
Zeissl reported the left side of the heart contracted, with this ive can 



Tracing 1 — Showing effect on the caiotid and pulmonary arteiial pressure 
of the intravenous injection of undiluted LugoTs solution P, pulmonaiy, G, 
carotid, X, 25 cc of Lugol’s solution injected 


not agiee, Avhile compared with the light side it appeared small, the 
size of the chambers corresponded closely to that preceding the injec- 
tion As ‘\''an Zeissl suggested that the rise in pulmonary pressuie A\as 
due to constriction of the pulmonary artery, we used the various i^aso- 
dilators without being able to lower the pulmonary arterial pressure 
In another animal the cervical cord and vagi uere cut before giving the 
lodid, but the rise in pulmonary pressure occurred the same ns in the un- 
treated animal As our experience with acetic ether had shown that 
occasionally verj^ large doses produced edema without a rise in pressuie 
in the pulmonary arteiy, attempts were made to bring about the same 
results by using a very strong solution of lodm and potassium lodid In 
ever}’' instance, however, a rise m the pulmonar}’’ pressure was observed 
The mechanical factors favoring the development of edema uere present, 
whether, however, they were responsible for the edema is questionable 
This matter will be considered more in detail in discussing tlie elTocts of 
acetic ether 
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Acetic Ethel — The inhalation or intravenous injection of a small 
amount of acetic ether invaiiahly pioduees in dogs a typical pulmonary 
edema The acetic ethei was administered either by inhalation oi intia- 
venous injection to 17 dogs and produced an extensive hemoirhagic 
edema in every animal In our eaily experiments doses of 2 to 3 c e 
were injected into the femoral vein, later smaller doses of 0 5 to 1 c c 
were used Even with the smaller dose there is a distinct fall in the 
carotid pressure followed by a prompt partial recovery Each succeed- 
ing dose produces a similar effect until, finalty, the heart stops suddenly 
AYith the very large doses occasionally death occurs without any rise in 
pressure in the pulmonary artery More frequently, however, and in- 
variably with the smaller doses, a very decided rise in piessuie was ob- 
served During the rise in the pulmonary arterial pressure, the right 
ventricle and auricle became much dilated, but we were never able to 
observe any dilatation of the left auricle or left ventricle Preceding the 
cardiac standstill there was marked bradycaidia The left ventricle 
stopped first, quite regular pulsation of the right ventricle could often 
be observed one or two minutes after the left ventricle had ceased beat- 
ing In those animals also in which a rise in pulmonary arterial pi essure 
did not occur, a very extensive edema was found, apparently as exten- 
sive as in those cases in which the pulmonaij^ pressure was increased, 
thus showing that an increase in the pulmonary pressure is not essen- 
tial for the production of edema "Wlien the acetic ether was inhaled the 
same phenomena were obseiwed, with the exception that a use in pul- 
monary arterial pressure always occuiied Tables 5, 6 and 7 show the 
blood pressure changes and the ratio between the caiotid and pulmonan 
pressure 


Table 5 — Effect of Large Doses of Acetic Ether 


Time 

GO seconds 
150 seconds 
270 seconds 
450 seconds 
GGO seconds 
720 seconds 
750 seconds 


Ratio 


Carotid 

Pulmonary 

Aiteiial 

Between 

Cai otid 


Pi essure 

Pressure 

and Pulm 

RemaiKs 

80 

14 

57 

Beginning ether 

44 

9 

49 

Aitei 2 c c acetic ether 

30 

6 

50 


14 

3 

4G 

After 1 c c acetic ether 

42 

12 

35 


56 

10 

56 


11 

3 

36 

After 2 c c acetic ether 

0 

0 


Very marked edema 


In the expel inient shown in Table b we see the pulmonary pressiiie 
nevei leached the height it obtained before treatment was instituted, 
though after the second injection of acetic ether there was a sharp rise 
in the pulmonaiy arteiial pressure, at which time it approached the 
original level The latio lietween the blood piessuie in the two ventricles 
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shoA^s that, following the second injection of acetic ethei, the light ven- 
tricle w^as doing about one-third the amount ot voik clone the left 
ventricle, while, preceding the fiist injection, it was onlj doing about 
one-sixth as much woik as the left ventricle Too much stiess, houever, 
should not be placed on a disturbance in the latio as a factoi in the 
development of pulmonary edema Apparently an actual use in the 
pulmonary pressure is essential ratliei than a disturbance in the relative 
amount of work done by the two chambers Whethei a use in the pnl- 
nionary pressure, which follows a fall and which does not reach the 
oiigmal level, as in the above table, can be looked on in the same light 
as an actual use in pulmonary pressure appears to the v liters very 
doubtful 

Table 6 — Acetic Etiick in Swail Doses Intraienoesiy 


Time 

Caiotid 

Piessuie 

Pulmonaiy 

Aiteiial 

Pressuie 

Ratio 
Between 
Caiotid 
and Pulm 

Rein"iks 


84 

90 

92 

Befoie receiMng ether 

20 seconds 

64 

10 5 

63 

After 1 e c acetic ether 

60 seconds 

68 

13 5 

50 


220 seconds 

SO 

17 5 

46 

20 s aftei 1 c c acet eth 

300 seconds 

70 

15 0 

46 

480 seconds 

36 

12 0 

30 

30 s iftei lee acet etli 

540 seconds 

0 

00 


Very maiked edema 


A veiy marked pulmonary edema was produced by the inhalation of 
acetic ether The rise and absolute height of the pressure in the pulmo- 
nary artery was greater than ve have been able to produce by anj other 
means Another peculiarity of this test was a decided gradual use in 
the pulmonary pressure without a fall in the carotid pressuie Later, 
vhen the amount of ether was increased, a very maiked fall in carotid 
pressure took place 


Time 

120 seconds 
240 seconds 
SCO seconds 
4S0 seconds 
GOO seconds 


Table 7 — ^Inhalation or Acetic Ether 


Ratio 

Pulmonary Betu een 
Carotid Arterial Carotid 

Pressure Pressure Pressure 

108 24 4 5 

108 32 3 5 

40 32 1 2 

80 40 2 0 

54 44 1 2 

104 48 2 1 


RomaiKs 

Befoie acetic ctlier 
2 ram after begin 
ning inhalation 
4 min after begin 
rung inhalation 
C mm after begin 
nmg mlialation 
8 mm after begin- 
ning mlialation 
Ether discontinued 
for one minute 


As we had defermmed that pulmonary’’ edema could be pioducod luth 
laige doses of acetic ether, without an increase m the pulmonarv pre=- 
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suie, it was inipoitant to deteimme whetliei with the small closes a rise 
m the pulmonaiy piessiue was essential for its development Anscnlta- 
tion over the lungs levealed the piesence of nnmeious rales following 
the injection of small doses, and before a use in pressure in the pulmo- 
naiy aitei 7 took place As a further test the heait and lungs weie 
quickly removed just at the moment a use in the pulmonary pressuie 
was observed, in one instance within tvo seconds Under these ciicum- 
stances marked pulmonary edema had. already developed This experi- 
ment was lepeated several times with always the same lesult We must, 
theiefore, conclude that the rise in pressure in the pulmonaiy aiteiy 
leally took place aftei the edema liad appealed 

In endeavoiing to explain the inciease in the pulmonary arterial 
piessuie, without evidence of stasis in the left heait, the possibility that 
tlie edema might cause the use in piessuie was consideied It is con- 


c 



Tracing 2 — ^Effect on the blood pressuie of small doses of acetic etliei injected 
intravenously P, pulmonary artery, G, caiotid, X, 1 c c of acetic etliei injected 
into the femoral Aein Very marked pulmonary edema 


ceivable that the piessuie exerted on the arterioles of the pulmonary 
aiteiy by the distended alveoli might increase Ihe resistance sufficiently 
to cause such a rise in piessuie The effect on the blood piessure of 
overdistention of the lung with an was fiist tested We were unable, 
liowever, even after prolonged distention, to produce a use in the pul- 
monary blood piessure An attempt was then made to distend the alveoli 
by allowing water to flow slowly down the tracliea An S-kilo dog re- 
ceived in this way 350 c c of water in a period of 10 minutes After the 
instillation of 100 cc a gradual use in the carotid piessuie vas noted, 
which slowly increased until 175 c c had been given, when a gradual 
fall set in, which continued as long as the instillation of water was kept 
up AVitli the beginning of the use in the carotid pressuie, there was a 
gradual increase in piessure in the pulmonary aiterj', uhich reached its 
niaxiniuni much later than the maximum rise in the carotid Hollowing 
this there was a slight fall in pressure not commensurate, hovever, witli 
the fall in the carotid These blood-pressuie changes are shown in Table 
8 The lungs of tins animal had the same appearance as those with pul- 
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monary edema Abundance of bloody frotli could be expressed fiom the 
large bronchi, and red blood corpuscles and granular material u-ere 
found in the alveoli on microscopic examination Appaiently the instil- 
lation of mater produced a pulmonary edema, and, tlierefore, the use in 
pressure in the pulmonary artery uas not necessarily due directly to the 
instillation of the u ater 


Table S — Efeect ox Carotid akd Pulmoxart Pressure or Ixstill\tiox 

or Water Into the Trachea 


Time 

200 seconds 
240 seconds 
330 seconds 
450 seconds 
600 seconds 


Carotid 

Piessure 

130 

156 

170 

90 

68 

10 


Pulmonaiy 
Artei lal 
Presstiie 
19 0 
22 0 
23 5 
26 0 
21 0 
17 0 


UemaiKs 

Before instillation began 
After 125 c c of watei 
After 175 c c of -water 
After 200 ee of nater 
After 220 e c of n atei 
After 250 cc of natei 












V T5 


% A 


liacinrs -Showing the" effect oT aceticlth^ter section of the coid in the 
inid eenacal region Arcord cut, b, 1 c c acetic ether intiaienously 

Fiom a study of the edema produced by lodids, ue must conclude 

that with this agent, at least, tiie edema is not the 

piessure m the pulmonary artery, as Van Zeissl detenmned ‘ 

killed a few seconds after the increase m pulmonaiy ^ 

not show edema, but that prolonged increase in pressure 

for Its development The use in piessure 

acetic ethei could not be prevented oi modified by aige “ - 

glyconn Com^med sect.oB ol tho cord .a tte 

Of the vagi also failed to preient or modifi it ilie ciiect 

tho cordis shot™ m T.acmg 3 It .cold ^ 

rise in pressure in the pulmonary aitery is no o neiv ” , ^ 

studs of Tracing 4 vould certainb give the 

the left heart uas a factor, as ne note in the tiacing tlu 

piessure in the pulmonar} alter} begins dnung le 

diop in the carotid pressure, exactly nhat could he expec ^ 

the cause If we could accept Loiut's explanation that direct tran m 

si of p.ossine from the left auricle through ihe 

the pulmonau aiteii does not necossaril} occur, and that incrc. 
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pressure in the pulmonary artery is not necessarily transmitted to the 
pulmonary vems, stasis could still explain this phenomenon 

In seeking for an explanation of the rise in the pulmonary arterial 
pressure "without corresponding increase in pressure in the left auricle, 
it "9 as suggested that capillary thrombosis might he responsible We can 
readily see that a plugging of the terminal branches of the pulmonary 
artery -n^ould be follo"wed by the above pressure changes SilbermanW' 
has sho'wn that capillary thrombosis may be readily induced by various 
toxic agents, including carbon monoxid and ether, and that the capil- 
laries of the lungs, on account of their exceedingly small caliber and 
lo"w blood pressure, are especially prone to thrombosis To demonstrate 
that such thrombosis "was antemortem, Silbermann in 3 ected 400 to 500 
0 c of a saturated "water}'" solution of indigo-carmin into a vein of the 
living animal The areas of tissue in "vdiich the capillaries were plugged 


I, I I li I , ll In , til 


■If 




• I > 

I. ' 


;/ 


‘ . •' Wr »; . 1 i t-v. ' J ■. ' . ; » M., 

X 


li), ^ ,, 




Tiacmg 4 — Sieving the simultaneous changes taking place in the caiotid and 
pulmonaiy pressure after acetic etliei C, carotid, P, pulmonary arteiy, X, 0 5 
c c acetic ether intravenously 


"would not be colored, "while tissues "vuth patulous vessels "would take the 
stain We resorted to this test in animals that had previously received 
lodid or acetic ether in sufficient amounts to cause pulmonary edema, 
but "R'ere unable to demonstrate the presence of capillary thrombosis 
Microscopic examination of sections of the lung also gave negative re- 
sults 

Adienahn GhJoiid — On account of the occasional recurrence of pul- 
monary edema in rabbits after the intravenous infection of adrenalin 
chlorid, an attempt "was made to study the blood-pressure changes during 
the development of such an edema With cannulas in the carotid and 
pulmonar}' arteries efforts "were made "to produce a pulmonary edema by 
intravenous infection of 0 5 to 2 c c of a 1 1,000 solution of adrenalin 

17 Silbermann, 0 "Ueber das A"ustreten multiples intravitales Blutgerin- 
ngen nach acuter Intoxication durch Chlorsaure Salze- Arsen, Phosphor iind 
inige andre Blutgifte "^J'lrchow s Arch f path Anat , 1889, cxvii, 288 
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ehlond Although the experiment was repeated on a consideiable num- 
bei of labbits, we were never able to obtain one in which a pulmonaiy 
edema could be produced by this measure The experiment vas then 
modified by cutting off part of the circulation The descending portion 
of the thoracic aorta was ligated, bej’^ond where the large trunks aie 
given off to the head and upper extremities This ligation was followed 
by a veiy niaiked rise in the carotid pressure, the pressure in the pulmo- 
nary artery, however, was not affected, nor did pulmonary edema de- 
velop The animal then received 0 5 ec of a solution of adrenalin clilo- 
nd, which caused a still further rise in the caiolid pressure in the pul- 
monary arterj'’, and the development of a maiked pulmonary edema 
This same experiment was repeated on dogs with similar results Tliese 
piessure changes aie shown in Table 9 and also m Tracing 5 



Tracing 5 — Effect of adrenalin after ligation of the thoracic aoita C, caiotid, 
P, pulmonaiy artery, X, 1 cc adrenalin chlond 1 1,000 

Tablu 9 — ^Effect of Adbexalin Aftiti Ligatiox or the Tnonvcic Aobtv 

Pulmonary 
Caiotid Arterial 

Time Piessure Pressure Remarks 

106 9 Before ligation of aoita 

146 7 After ligation of aorta 

30 seconds 210 19 After 1 cc adrenalin chlond 1 1000 

120 seconds 204 18 Animal killed, pulmonary edema 

The development of pulmonary edema in these animals can best be 
explained bj^ the vasoconstrictor action of tlie adrenalin raising the pres- 
sure in the s'^stemic circulation to such a degree that the left ventricle 
IS unable to empty itself completely Stasis in the left auricle, pulmo- 
nary vein and pulmonary artery then follows with a consequent rise in 
piessure in the pulmonaiy arter)' and the development of edema rins i= 
quite m accord with the theory advanced b} Meltzer to explain Ihc pul- 
monar}’ edema following the use of adrenalin By slow transfusion uith 
a solution of adrenalin chlond, 1 1 000,000, ve were able to maintain a 
\ery high carotid prepare for tuenf} minutes, llie piilmonan pre='iiie 
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also slio^Mng a decided use m case the thoiacic arteiy had been pie- 
vionsly constiicted Edema under these ciicnmstances is of especial in- 
terest, as its development is associated with high pressuie in the sys- 
temic ciicnlation One of the strongest aigunicnts against the clinical 
application of 'Welch’s theory is that it did not account for the high ten- 
sion pulse often seen dm mg an attack In nephiitis uitli extiemely 
high blood piessure, the failure of the left ventricle to empty itself cora- 
pleteW, nith lesulting stasis, increase in piessuie in tlie piilmonaiy 
arter}’-, and development of acute pulmonary edema, with high tension 
pulse, may occiii exactly as it does in the lahhit after the use of adrena- 
lin It IS well understood that high s 5 "stolic piessure may be associated 
with small systolic output piovided the pulse pressuie, i e, the differ- 
ence between the systolic and diastolic pressure, is reduced A high- 
tension pulse does not neeessaiily imply noimal systolic output 





Tiacing G — Effect of bleeding, aftei aitifieial mitial stenosis X', 15 cc ot 
blood ivithdiann fioni the jugular 15 ce nitlidiawn at X" X'" X"", C, caiotid, 
P, pulmonaiy 


Aitifieial Mitial Stenosis — ^The effect on the pulmonarj' piessuie and 
the development of pulmonary edema Vvas studied m dogs m which an 
artificial stenosis had been produced With a little practice a ligatuie 
may be passed thiough the auriculoventiiculai groove in such a manner 
that on tightemng it an}”- degree of initial stenosis may be produced 
The fiist effect of narroiving the orifice is a fall in the carotid piessuie 
This oecuis only after a considerable degiee of constriction In one ani- 
mal the orifice was reduced one-half in size with only slight effect on 
the carotid pressure When the constriction is earned still furthei, a 
rise m pressure in the pulmonary artery takes place This rise may be 
slight 01 very marked, .depending on the degree of obstruction induced 
Table 10 shows the changes of blood pressure after constiiction of the 
orifice from 8 to 3 mm All of these animals when a satisfactorj'^ con- 
striction of the orifice nas obtained developed a decided pulmonary 
edema of the hipeiemic type Aftei the constriction had reached a mod- 
erate degree, dilatation of tire left auiicle occuried followed by dilata- 
lon of the right auricle and right ventricle The development of edema 
undei these circumstances is best explained by Welch’s theory 
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TABLK 10 POLMOIfAEr AS-D CAROTID PRESSURE FOLEOWIKG MiTRAL Ste\OSIS 


Time 

Carotid 

Pulmonaiy 

Arterial 

Piessure 

Pressuie 


100 

9 

60 seconds 

50 

9 

300 seconds 

84 

14 

420 seconds 

80 

IS 


Remarks 

Before production of stenosis 
Slight constriction mitral oiifice 
Orifice constricted from S to 3 nim 
Showing increase in pulmonan 
pressure although no change in 
constriction since pieMous lead 
ing 


EXPERIMENTAL THERAPEUTIC AGENTS 


In applying therapeutic agents 'to the treatment of eAperiniental 
edema, it can readily be seen that no single remedy would be indicated 
in all instances Wliile the pnlmonaiy arterial pressure was increased 
in most forms of experimental edema, the systemic blood piessme laned, 
low in some instances, high, however, in that type pioduced by adieualm 
Assuming that mechanical factors are important, a diug or method ol 
treatment, in order to be considered beneficial should tend to equalim 
the work of the cardiac chambers The only foim of expeiimental edema 
that yields readily to treatment is that produced mnscaiin Atiopm 
lias here a ph 3 'siologic antagonistic action, and undei its use the left 
ventricle assumes its noimal working pover, the blood pressure becomes 
equalized and the edema gradually subsides Atiopin, however, in pul- 
monary edema from other causes was without beneficial effect Wlien 
used in the edema produced bj' acetic ether oi lodids the pressuie in both 
caiotid and pulmonary aitciy was increased, the developing edema was 
not checked nor was the life of the animal prolonged 

Nitroglyceiin was also tried in the edema pioduced b^ acetic ethei 
and lodids with the idea that perhaps the rise m piessure in the pulmo- 
nar}' arterj' uas in part due to a vasoconstrictor action As pievioiisly 
mentioned, houeier, large doses of nitroglycerin under these encum- 
stances did not i educe the pulmonar}' arteiial piessure In the edema 
induced by adrenalin with high systemic pressure, the nitiogl3’ceTin ua= 
ineffectual on account of its action being inteiferred uith bv the nioic 
poueiful adrenalin This does not mean, however that in pulmonan 
edema of this t)pc in man nitiogl^cerin might not be beneficial as the 
high tension m the sisteinic ciiculation mav be due to other agents than 
adienalin, which ^leld, slightl} at least to the va'iodilators 

Baiium chloiid on account of its constriction of the pnlinonar\ 
aiteij, due to its action directl} on the unstriated muscle was tried bolh 
foi the preiention and alienation of experimental pnlmonan edema 
As there is Inperemia of the lung with the edema, and tlie ihoor\ ha= 
licen ad\anced that pnlmonarv edema is due to \asomotor paresis of the 
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pulmonary aitery, it was thought that barium chlorid might exert a 
desirable influence The results, however, were entirely negative either 
as legards preventing the edema or modifying its course Changes in 
pressure in the carotid and pulmonary artery occuired as in the un- 
treated animals 

Digitalis was also tried, both in preventing and alleviating developed 
edema The only form of edema in which it appeared to have any benefi- 
cjal action was that due to artificial mitral stenosis Here in conjunction 
with venesection it contributed to the equalization of the cii dilation 

The efiect of venesection was noted in animals with acute pulmonary 
edema fiom the various causes The results on the whole were quite dis- 
appointing Before any effect could be seen on the piessuie in the pul- 
luonaiy arteij^, it was necessary to withdraw a sufficient amount of blood 
to lowei the general blood pressure materially Eapid withdrawal of 10 
to 20 c c of blood from the jugular vein of a 12-kilo dog would lower 
the pressure in the pulmonary artery momentarily, but it would prompt- 
ly return to the previous level (see Curve 5) The withdiawal of 100 
c c within two minutes in an 8-kilo dog would cause a permanent fall 
in both carotid and pulmonary artery, winch, however, could not be 
considered as beneficial When digitalis was given in conjunction with 
moderate bleeding, in the edema due to mitial stenosis, the iiulmonaiw 
pressure could be lowered slightly and the carotid pressure raised to its 
previous level It was not determined whether this increase in pressure 
in the systemic circulation was due to increased systolic output oi to 
general vasomotor constiictions, however, as there was a slight fall in 
piessuie in the pulmonary artery apparently the systolic output of the 
left ventiicle was somewhat increased With the adienalin edema bettei 
results were obtained by bleeding from an artery than from a vein 

Although our therapeutic results in the treatment of experimental 
edema weie so unsatisfactory, a knowledge of the factors at uork m 
producing an edema should be of assistance in its intelligent treatment 
We must remember that many attacks of acute pulmonary edema in man 
subside without treatment and, for this reason, clinical experience in the 
value of therapeutic agents must be accepted with considerable reserve 
Considering marked disturbance of the ciiculation as the chief under- 
ling cause of the trouble, intelligent rather than empirical treatment 
should be instituted To give adrenalin, digitalis or caffein in a case of 
edema associated with high arterial tension might hasten a fatal termi- 
nation Atropm under these conditions, on account of its raising the 
blood piessuie by quickening the heart action, would not be indicated 
In tins tipe of edema efforts should be diiected toward loueimg the 
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arteiial tension, by the vasodilators oi eountei-imtation to the suiface 
of the body or by bleeding vith the type of edema associated vitli low- 
tension pulse, this foim of treatment might be injurious Heie digitalis 
and calfein would be indicated It is interesting to note the frequency 
with which atiopin is recommended in the treatment of acute pulmonary 
edema The foundation of this treatment is apparently its liencficial 
lesults in the edema due to poisoning with toadstools and pilocarpin 
The pulmonarj'- edema developing in nephiitics aftei the use of piloear- 
pin IS often due in leality to the drug, as it piodiices edema in the same 
manner as musearin, and atropin is the physiologic antidote The sec- 
ond reason foi its general use is based on its power to lessen glandulai 
secretion It is unnecessary to state that in acute pulmonary edema we 
aie not dealing with a glandulai secietion, but a transudation The use 
of adienalin is to be diseouiaged as being, under certain conditions very 
dangerous and piobabl}'^ alwaj'^s valueless Oxygen inhalations aie haim- 
less and give some temporarj’^ relief and may assist in tiding the patient 
over Morphin, by allaying the patient’s fears, is decidedly beneficial in 
its effects and could be safely used in small doses in any type of acute 
pulmonary edema Venesection is another measnie which is piobablv 
safe if practiced on individuals not already decidedly anemic Its leal 
value, however, can only be determined by extensive clinical observations 
Unfortunately foi the science of medicine, no one physician is able to 
see a sufficient number of cases of acute pulraonaij edema during his 
lifetime to make a careful comparative study of the value of the vaiious 
foi ms of treatment 

CON^CLUSIONS 

1 When pulmonary edema develops after exposure to nitiic oxid or 
ammonia, theie is no evidence that mechanical factors plaj a lole i e 
ve aie unable to detect anj'- evidence of disproportion betvecn the uoik- 
ing pover of the tuo sides of the heart 

2 The acute pulmonary edema follouing inhalation or intraienous 
injection of acetic ether is usually associated with evidence of dispiopor- 
tion in the vorking power of the tuo sides of the heart, a*: there is a fall 
in the sistemic and a corresponding rise in pressure in the pulmonary 
aiten When laige doses of acetic ether are in]ected intravenoush , pul- 
monaii edema mav occur uithout evidence of dispioporhon in the work- 
ing povei of the two cides of the heart thus '^bowing that =uc]i changes 
are not essential for its appearance It vould appear therefore that 
mechanical faetois are not responsible for the edema 

3 In the acute pulinonarr edema pioduccd b\ loduh tlieio i= in the 
beginning a inaiked rise in pressure in both the crsteinic and ptilmo- 
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naiy ciiculation, later the S 3 ^steinic blood pressme falls, but the piessiiie 
in the pulmonary artery remains high This disproportion in the work- 
ing power of the tuo ventiicles was piesent in every instance, it would, 
therefore, appear from our experiments that the edema might be ex- 
plained by mechanical agents, although not necessarily so 

4 The intravenous infection of adrenalin chloiid, when preceded by 
ligation of the thoracic aorta, causes pulmonary edema Apparently as a 
result of the great increase in the systemic blood pressure after such a 
procedure, the left ventricle is unable to empty itself completely, stasis 
and rise in pressure in the pulmonaiy artcrv follows This is perhaps 
the mechanism of acute pulmonary edema in nephntics with hvpeiten- 
sion 

5 In the mechanical edemas, therapeutic measures to be of value 
should tend to equalize the work of the cardiac chambers This may 
mean the use of vasodilators in some instances, in others the use of drugs 
that stimulate the heart activity 

100 State Stieet 



A COMPAEATIVB ST LTD Y OP SEKUM DIAGNOSIS IN 

SYPHILIS - 

HOMER F SWIFT, M D 

NEW TORE 

Although only three years have elapsed since the Wassermann- 
Neisser-Bruck reaction for the diagnosis of syphilis was described, it has 
become in this time a well-established diagnostic method and it, or its 
modifications, are now in nse in all large medical centers During this 
period, which must be considered as a stage of experimentation and 
testing, a number of modifications of the original method, and also 
several practically new methods for serum diagnosis have been devised 
Several of these have been subjected to ciitical examination by various 
investigators, and although from the mass of evidence the original 
method, with a slight modification, appears to be the most satisfactory, it 
has seemed to me advisable to carry out a comparative, critical study of 
the more important modifications The methods selected for study are 
the following 

I Wassermann’s original method 

II Hoguchi’s precipitation method for spinal fluids, with a discus- 
sion of the precipitation reactions of Porges, Pornet, Klausner and 
Hoguchi for blood serum 

III Bauer’s simplification of the Wassermann reaction, vith a dis- 
cussion of Tschernogubow’s modification 

IV Hoguchi’s complement deviation method 


I THE WASSERMANN METHOD 

In his adaptation of the Bordet-Gengou phenomenon of complement 
deviation, Wassermann used as a hemoljdic system (a) 1 c c of a 5 per 
cent suspension of washed red blood cells of the sheep, (b) two umts^ 
of hemolytic amboceptor made by immunizing rabbits to sheep’s red 


-From the Department of Pathology, The Carnegie Laboratory, Tlic Un^'ty 
and Bellevue Hospital Medical College, aided by a grant 
Smentifie Research of the American Medical 

th^pr^ence of 0 1 c c of fresh guinea-p«g serum as complement 
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blood cells, and (c) as complement 0 1 cc fresbi gnmea-pig sexnm I'd! 
syphilitic antibody 0 2 c c of sermn from suspected patients was selected 
as the maximum quantity, and for antigen a watery extract of a liver of 
congenital syphilis known to be rich in Spirocliceta palhda 

At this time Wassermann considered his antigen to be an extract of 
the specific organism and the fixation of complement to be therefore a 
tiue antigen-antibody reaction The subsequent work on the nature 
of the antigen has, however, destroyed this view Mane and Levaditi,^ 
m applymg the reaction to the spinal fluid from tabes and 
general paralysis, found that extracts of livers from non-syphilitic 
fetuses gave a weak reaction, and such extracts uhen used in large quan- 
tities acted satisfactorily as antigens Weil,® using extracts of tumors, 
obtamed positive reactions with syphilitic sera, and from such results he 
attacked the specificity of the method Such results clearly proved that 
the so-called antigen was not the Spiiochceta pallida or its products^ 
and numerous workers took up the study of the nature of this substance 
Under Wassermann^s^ direction, alcoholic extracts of syphilitic livers 
were made and found to contain the active substance Similar experi- 
ments® were repeated with the normal organs of man and the lower 
animals and all such extracts were found to be potent antigens As 
extraction by alcohol indicated the substance to be lipoid in nature, 
different members of the lipoid group, in the pure state, were tested 
Among these may be mentioned lecithin, cholesterin, the sodium salts of 
the bile acids, sodium oleate and oleic acid Combinations of these in 
definite proportions have been suggested for us as antigen, but so far 
the total extracts of organs seem to act the best, and of these, extracts of 
syphilitic organs can be used in the smallest quantity 

To be satisfactory an antigen should possess the following qualities 
(1) It should not prevent hemolysis when mixed with the hemolytic 
system, (2) it should give a positive reaction m a large proportion of 
syphihtic cases and should not react with non-syphilitie sera; (3) it 
should retam its autigemc qualities for some tune so that comparative 
tests may be made 

The watery extracts are prone to undergo sudden changes, while the 
alcoholic extracts keep well at room temperature Each antigen must be 
tested as to the first two qualities before it is finally adopted as a reagent 
It would be a great advantage if some rule could be formulated for the 

2 IMane, A , and Levaditi, C Ann de I’Inst Pasteur, 1907, sxi, 138 

3 Weil, E Wien klin Wchnsclir , 1907, xx, 527 

4 Wassermann, A Perl klin Wchnschr, 1907, xliv, 1599 

5 Porges, 0 , and Meier, G Perl klin Wchnsclir , 1908, xlv, 731 
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making of antigen, but as yet no definite antigen lias been geneially 
adopted In many places alcoholic extracts of animal organs aie used 
and Wassermann« lately admits that such antigens may be employed 
provided they have been previously compared with a knoivn antigen 
He, however, prefers the wateiy extract for doubtful or weak sera 

In the first hundred tests by the Wassermann method in this lepoit 
(see Tables 3 to 9 ) the antigen was a 0 1 pei cent emulsion of lecithm 
furnished by Dr Hogueiii of the Rockefeller Institute, in the latei 
cases an alcoholic extract of dog’s liver was used and found to v ork in a 
satisfactory mannei This has been lately compared in about one hun- 
dred tests with an alcoholic extiact of syphilitic liver and the lattei has 
been found to give somewhat more luaiked reactions witli weak seia 
On account of the small amount of blood obtained by puncture of 
the ear, hardly sufficient for the numeious controls necessar}, I have 
found it advisable to leduce the quantities of serum and complement by 
one-half that recommended in the original method, that is, to use 0 1 c c 
of the patient’s serum and 0 05 c e of guinea-pig’s serum to each tube 
The other factors were reduced in the same propoition Some investiga- 
tors have used the drop method to economize serum, but I thought it 
better to reduce all the reagents m a definite propoition 


II PRECIPITATION METHOUS 


The complicated nature of the Wassermann reaction has led to many 
attempts to simplify the serum diagnosis of syphilis t'anous pi eci pi- 
ta tion methods have been devised, hut found not to be specific Among 
them may be mentioned the Forges’ reaction vith lecithm, the Fornet® 
reaction, by mixing serum from florid syphilis with that from parasjpli- 
ilis, and the Klausner® reaction, which demonstiated an increase in 
globulin by mixing suspected sera ivith distilled water JCogiicbd® 
demonstrated an increase in globulins by precipitating these bodies vith 
a one-half saturated solution of ammonium sulphate, centrifuging, pour- 
ing off the supernatant fluid, redissolving them in normal salt solution, 
and adding 10 pei cent butyric acid A flocculent precipitate in tv o horns 
was considered evidence of a decided increase in the globulin fraction 
While this increase of globulin is often found in 5311111115 it is not path- 
ognomonic, for it is present in many other infectious diseases, and earlier 


6 W-isserminn A Deiiisch nied Welinsclir , 1909, 41S 

7 Pomes, 0 tVicn klin Wdmsohr , 190S, vm, 20G 

8 Fornet and Sclierc«clie\vsky Munclien med U chnschr , 100/ In, 

9 Klaiisner, E Wien khn Wclmsdir, 1908 \m, -14 

10 Nogucln, H Jour Exper Mod , 1909, 84 
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expeiimental work has shown that the formation of immune bodies, both 
to bacteria and other oiganie substances, frequently is accompanied by 
an increase in globulin Noguclu himself has called attention to the 
fact that the increase is found in many othei conditions 

hloguchi^® also devised a precipitation method for detecting an in- 
crease of the protein of the spinal fluid in parasyphilitic diseases By 
boiling 0 1 c c of the fluid with 0 5 c c of a 10 per cent butjuic acid 
solution and adding 0 1 c c of normal sodium hydroxid solution, and 
again boiling, a granular precipitate is obtained This reaction he at 
first considered diagnostic, but later found it in other forms of menin- 
gitis Gay and Ihtzgeiald^^ confirmed hToguchi’s findings in tabes and 
general paralysis, but obtained the same reaction in memngitis, and 
some psychopathic conditions In applying this test to spinal fluids, I 
obtained the reaction in three cases of tuberculous meningitis, two of gas- 
tro-enteritis with symptoms of meningeal irritation, one of alcoholic cere- 
bral edema, and one of pneumonia The spinal fluid from a case of 
congenital syphilis and that from an autopsy of a man with visceral 
syphilis also gave the granular precipitate The non-specificity of the 
reaction prevents its use as a diagnostic measure, although it may be 
applied in cases of Icnown S 3 ^philis to determine if the syphilitic process 
la active in the central nervous sj'stem 

III BAUEIl''s MODIFICATION OF 'WASSERMANN’’S METHOD 

The failure of the various precipitation reactions as reliable diag- 
nostic measures forces us to fall back on the complement deviation 
method Yaiious attempts have been made to sim 2 ilif 3 ’' the original 
process It was noted that frequents the tubes under trial showed hem- 
olysis before the control tube without serum, and such observations led 
to the discover 3 '' that man 3 '' sera possessed the povei of hemol 3 ^zing sheep 
cells without the addition of the hemol 3 tic serum from an immunized 
labbit Talung advantage of this, Bauer^“ omitted the addition of 
foieign hemol 3 dic serum In other respects his procedure is practically 
that of ^ the original method He mixes the suspected serum with com- 
plement and antigen, incubates to bind complement, and then adds onH 
sheep cells and again incubates As a control he uses the serum from a 
non-siqihilitic peison His protocol would read thus 

11 Gay, F P, and Fitzgerald, J G Boston Med and Suig Jour, 1909, 
clx, 157 

12 Banei, J Deutsch nied Wclinsclir, 1908 xxxii, 698 
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Control tubes with- 
out Antigen 


Determinative tubes 
with Antigen 


PROTOCOL I — Batter Method 


Test for Diagnosis 
Tube 2 

a Pahent’s serum containing 
hemolysin (and syphili- 
tic antibody?) 

b Complement 

T, , 1 

a Patient’s serum containing 
hemolysin (and syphili- 
tic antibody?) 


Control Set with Normal 
Serum 
Tube 4 

a Normal serum containing 
hemolysin 

b Complement 

Tube S 

a Normal serum containing 
hemolysin 


b Complement b Complement 

c Antigen c jj^ntigen 

Incubation at 37 C for 1 hour 
Washed sheep's red blood cells 

Incubation at 37 C for 2 hours Then In ice box over night 


If hemolysis is inhibited m Tube 1 the reaction is positive This 
method has been adopted in a few clinics in Germany Bering^® reports 
that the method gives as good results as the original Wassermaun method 
and prefers it because it is simpler and requires less of the patient’s 
serum Hinnehs^^ finds it more satisfactory and reports the results as 
given in Table 1 


TABLE 1 — Hr^RtCH’s Comparison of Bauer and Wassermann Method 


Bauer Method 


Type of Syphilis % Positive 

Untreated 100 

Fairly well treated 70 

History of over four years, little treated 87 

History of over four years, well treated 66 


Wassermann Method 
% Positive 
100 
40 
65 
50 


Meirowsky^® did not find it so reliable and obtained a bigher per cent 
of positive results in the Wasseimann reaction JSToguchi reports having 
tried the method m over a hundred cases and says that it is unreliable 
because of the inconstant content of anti-sheep amboceptor 

I have compared this method with those of Wassermann and Noguchi 
in sixty-five eases of syphilis and thirty-two non-syphilitic individuals 
The results with the syphilitic sera are given m Table 2 The control 
sera^ all negative with the Wassemiann method, showed complete hemol- 
ysis in eleven cases, partial in thirteen, slight in three and none in five 
The control tubes with the syphilitic sera showed complete heniol 3 'Sis in 
twentj’-six cases and insufficient or no hemolysis in thirty-mne The 
whole number shows 37 sera, or 38 per cent, vith sufficient anti-sheep 
amboceptor to perform tlie test, and 60 sera, or 62 per cent, with an 
insufficient amount Of the cases of syphilis, 65 per cent reacted poai- 


13 Bering, F Mimcben med Wchnschr, 1908, Iv, 2470 

14 Hinnclis Med Klinik , 1908, iv, 1349 

15. ileirovskr, E Berl khn W^clmschr, 1909, \lvi, 152 



TABLE 2 — COMPAEISON OF WASSERMANN, NOGUCHI AND BAUER REACTIONS • 


Amount of Amount off 



Wasser- 


Hemolysis in 

Hemolysis in 

Amount of 


No 

mann 

Nogucbi 

Test Tube 

Control Tube 

Hemolysin 

Result 




PHiMAEi 

SYPHILIS 



190 

+ + 

+ + 

None 

Nearly Complete 

Sufficient 

+ + 

245 


+ + 

None 

Complete 

Sufficient 

+ + 

492 

+ 

+ 

None 

Complete 

Sufficient 

+ + 




SECONDARY SYPHILIS 



192 

-t- *4- 

J 

None 

Partial 

Insufficient 

+ 7 

196 

.... 

. . .1. 

None 

None 

Insufficient 

7 

218 

.... 



None 

Partial 

Insufficient 

+ 7 

236 

.... 

.... 

None 

Complete 

Sufficient 

+ + 

241 

_ 


None 

Complete 

Sufficient 

+ + 

257 

+ + 

+ + 

None 

Complete 

Sufficient 

+ + 

499 

+ 

+ 

None 

Complete 

Sufficient 

+ + 




TERTIARY 

SYPHILIS 



171 

— 

+ 

Slight 

Complete 

Sufficient 

+ 

173 

.f. 

+ + 

None 

Nearly Complete 

Sufficient 

+ 

204 

.... 

+ 

None 

None 

Insufficient 

7 

220 

— 

+ 

None 

Complete 

Sufficient 

+ + 

221 



+ 

None 

Slight 

Insufficient 

--7 

235 

.. .. 

+ + 

None 

Slight 

Insufficient 

--7 

256 


4" 4“ 

None 

Partial 

Insufficient 

--7 

537 

*1 *1 

++ 

None 

Complete 

Sufficient 

+ + 




latent 

SYPHILIb 



184 

+ 

H — 

Partial 

Partial 

Insufficient 

7 

213 


+ 

None 

Complete 

Sufficient 

+C+ 

222 

+— 


Partial 

Partial 

Insufficient 

? 

223 


-- ■ 

None 

None 

Insufficient 

7 

224 

_ 

4~ — 

Partial 

Partial 

Insufficient 

7 

243 

_ 


None 

None 

Insufficient 

7 

244 



None 

None 

Insufficient 

7 

246 

+ 

4* 4“ 

Slight 

Partial 

Insufficient 

? 

249 



Partial 

Partial 

Insufficient 

7 

254 


.. 

None 

None 

Insufficient 

7 

489 

4 — 

.. 

Slight 

Complete 

Sufficient 


494 

4 — 

.. 

None 

Complete 

Sufficient 


514 


_ 

Partial 

Partial 

Insufficient 

7 

518 

-P- 

4~ 

Slight 

Slight 

Insufficient 

? 

534 



Complete 

Complete 

Sufficient 


536 

++ 

-M- 

None 

None 

Insufficient 

? 


178 

181 

182 

187 

188 
193 
196 
202 
211 
215 
219 
226 
227 
229 
247 

503 

504 
508 
510 


225 

237 


183 

186 

189 

210 

212 

250 

509 

517 

532 

535 



Insufficient 

Sufficient 

Insufficient 

Insufficient 

Insufficient 

Insufficient 

Sufficient 

Sufficient 

Insufficient 

Sufficient 

Insufficient 

Insufficient 

Insufficient 

Insufficient 

Sufficient 

Sufficient 

Sufficient. 

Sufficient 

Sufficient 


Insufficient 

Insufficient 


Insufficient 

Insufficient 

Sufficient 

Insufficient 

Insufficient 

Insufficient 

Insufficient 

Sufficient 

Sufficient 

Insufficient 



+ 1 
+ ^ 


+ 7 
+ ’ 



•} 


+ + 
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tivety with the Wasseimann and 67 per cent with tlie I^ogiiehi method 
he Baner method gave 33 per cent positive, SO per cent donbtful-pos- 
itive, 9 per cent negative and 38 per cent in which a diagnosis could not 
be made I’lve spinal fluids weie similarly tested and none was foimd 
to contain anti-sheep amboceptor Bauer in his original communication 
says that the blood of suckling infants can not be used and lecommends 
that a little serum from a normal adult be added to that of infants It 
would seem better to add a Icnown quantity of foreign hemolytic serum so 
that the results could be more accurately measuied 

The cause of the variation in the amount of anti-sheep amboceptor 
has not been explained The thought naturally occuis that peihaps the 
eating of mutton excites the formation of this body and that the varia- 
tions in the lesults from different cities may be due to the fact that this 
meat is used moie in some places than others Some giound for this sup- 
position is afforded by the work of Bosenau and Anderson^® on hypersus- 
ceptibility and immunity They have shovm that guinea-pigs may be 
sensitized to horse and cattle seinim by feeding them horse-meat oi beef 
uncooked We have no evidence howevei that the lesults of those expei- 
iments may be applied to man 

The fact that some sample': of sera aie iicli in anti-slieep amboceptoi 
explains also the negative Wasseimanu reactions in certain cases of evi- 
dent syphilis Morgenroth and Sachs^* have sliown that until a fixed 
quantity of cells, complete hemolysis will take place by varynng the 
amount of complement and amboceptor mverselv to one another TJiev 
found that mth 1 c c of a 5 per cent suspension of sheep’s red blood 
cells and 0 1 e c of guinea-pig serum as complement, that 0 05 c c of 
labbit’s serum as amboceptor produced complete hemolysis, if 0 2 c c or 
0 4 c e of the same rabbit’s serum was used only 0 01 c c oi one-tenth 
the amount of complement was required Other experiments showed 
that a fourfold increase of amboceptor caused such a change that only 
one-twentieth the amount of complement was needed From tins it can 
be readily:^ seen that if a large hemolytic amboceptor content uere present 
wnth a small syqilnlitie antibody content so that not quite all the com- 
plement was ab'sorbed, the reaction might be negative Ivogneliff® re- 
ports findmg as high as twenty units of anti-sheep amboceptor in some 
samples of human serum He also found that four units of amboceptor 
prevents the defection of one unit of syiihilitic antibody On account of 


Hull Xo *30 Hyg Tjfih h S F 


16 Eosemu M J Anderson, J F 
TT end VI -H S, Waslnngton 01 

^17 Mor<renrotli J and Sachs, H Borl him Wchnschr, 1902, xnmx, 81. 
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tliefce observations, if a specimen of blood under examination produces 
rapid hemolysis, it is well to determine the amount of antibody present 
At times this will be the exact amount necessary for Bauer’s modification 
Case 341 under secondary syphilis (Table 3) shows this very well In 
this patient the IVassermann was negative, but the Bauer positive This 
scium was from a man who had become infected four months previously, 
had ten weeks’ treatment, and presented only lesions of the soft palate 
At othei times the hemolytic content may be so high that the dilution 
lequiied to obtain only two units of amboceptoi would completely pre- 
vent the detection of a small amount of syphilitic antibody Such a case 
IS that of a woman who eight years ago was infected with syphilis, at 
which time she had a short course of treatment She then disappeared 
f] om observation until eight months ago, when she returned to the hos- 
pital with teitiary lesions of the skin Treatment caused these to dis- 
appeai, but two months ago she began to have shooting pains in the legs 
and vesical s 3 mptoms Examination revealed the Argyll-Eobertson pupil, 
Bombeigs sign, and some incoordination in the movement of the legs 
The case is undoubtedly one of begmning tabes with syphilis as an 
etiologic factor Treatment had been ineflScient, but the serum reaction 
was negative with both the Wassermann and Bauer tests, but positive 
by Koguchi’s method Investigation showed that the amount of serum 
used contained five units of anti-sheep amboceptor, enough to mask the 
weak s^qihilitic antibody that would be expected I have frequently 
noted that the tubes in cases of known syphilis which give a negative 
Wassermann reaction are the first to hemolyze, and am sure that this 
explains a number of negative reactions 

Meirowsky^® says that he makes it a rule to repeat the reaction, sub- 
stituting the Bauer technic for the original method, when the serum 
fiom a case strongly suspicious of syphilis fails to give the reaction As 
a loutine it might be well to introduce a control tube with one-half the 
amount of serum usually employed in the Wassermann test, if this, 
with 0 1 c c of complement, should produce complete hemolysis of the 
usual number of cells, it would give a clue to the cause of negative 
findings with certain sera, and would 3 ustify repeatmg the reaction with 
Bauer’s modification 

Tschernogubov^'’ described a method wherebj’^ the complement and 
cells piesent in human blood were utilized in a complemental deviation 
test He diluted 0 4 c c of blood to 4 c c with normal salt solution and 
used 1 c c in each of four tubes His source for antihuman amboceptor 
IS not stated Protocol 3 gives his method 

19 Tschernogubo-sv, K Berl klin Wchnschr , 190S, xh, 2107 
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PEOTOCOL II — 'TscHEHNoaDBow Method 
Control Without Antigen or Hemolytic 

Amboceptor Control Wlthi 

^ containing complement a Blood dllntlon^( 

ana cells 

Tube 3 m,, 

Determinative Tube Control witunnf t 

^ containing complement a Blood dilution < 

b An^Pon cells 

0 Antigen jj Antigen 

Incubation at 37 C for 1 hour 
Add hemolytic amboceptor to 1 and 3 
Incubation at 37 C for 2 hours 


Control Without Antigen 
Tube 1 

a Blood dilution containing complement 
and cells 

^ X , Tube 4 

CqjAtoI Without Hemolytic Amboceptor 
a Blood dilution containing complement 
and cells 
b Antigen 


Tube 1 shows hemolysis. Tube 2 shows no hemolysis. Tube 3 (test) 
will show no hemolysis if disease is syphilis. Tube 4, to show that 
antigen is not hemolytic, should show no hemolysis 

While this method appears simple, it does not stand critical anatysis 
Noguchi-^ has studied it and found it impractical for the following 
leasons 

1. Human complement requires for complete hemolysis ten times as 
much amboceptor as an equivalent amount of guinea-pig complement 

2 Human complement is less sensitive to fixation than that of 
guinea-pigs 

3 The quantity of human complement vanes greatly, from one to 
three, with different samples of sera If it were present in excess it 
would destroy a positive reaction , hence to be accurate each serum would 
have to be titrated for complement content before applying the test. 
Dilution would vary the amount of cells present which, aside from the 
labor involved, would destroy the value of the reaction. 

4 If human complement is used there is no way of telling if antigen 
alone is antihemolytic 

5 Old samples of blood could not be used because complement rap- 
idly deteriorates, and the cells undergo spontaneous hemolysis after a 
time so that controls could not be kept from day to day 

Boas®’^ condemns the method because active serum is employed 


IT NOGUCHI COMPLEMENT DEVIATION METHOD 

Hoguchi has devised a plan of using an anti-human hemolytic system 
In his recently published results^® he presents a large senes of obserra- 
tions from which it appears that his method is more delicate than e 
original Wassermann Instead of the hemolytic senes being sheep s ce s 
and hemolytic serum from rabbits, he uses human red blood cells, wi 
anti-liuman serum from rabbits In this way he hopes to elimina e 

20 Nogudii, H Proc Soc E%per Med and Biol , 1900, vi, TT 

21 Boas, H Berl klin Wchnscbr, 1909, vhi, 400 
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great Yanability in the amount of hemolytic amboceptor present in a 
given serum In other respects the method is one of complement devia- 
tion m which the five factors used are separate, can be accurately meas- 
ured, and any of them tested, should this be necessary, to control the 
work The cells used are in the proportion of one drop of blood to four 
cubic centimeters of normal salt solution They are not washed, but well 
shaken to msure a uniform emulsion One cubic centimeter of emul- 
sion is used m each tube and this is added before the first incubation 
The serum to be tested is employed in the amount of one drop from a 
capillary pipette At times two drops may be used, but as this amount 
IS often found to be antihemolytic, ISToguchi recommends one drop 
This serum is not inactivated As complement 0 04 e c of fresh 
gumea-pig serum is employed, as hemolytic amboceptor, two umts of 
the serum of a rabbit immunized to human red blood cells The titer 
of such serum must be over 0 01 c c for one unit As antigen 0 3 per 
cent solution of impure lecithin m equal parts of absolute alcohol and 
normal salt solution, or alcoholic extract of syphilitic livers, one drop 
from a capillary pipette, is used In making this test I have followed 
the IToguchi protocol, with two added controls (Tubes 7 and 8) 


PROTOCOL HI — Noguchi Method 


Test for Diag- 
nosis 


„ Tube 2 

Control tube with- a Patient’s 
out Antigen for serum 
each test b Human 

blood s u s - 
pension 
c Complement 


First Con- Second C o n - 
trol Set trol Set 

Known Syphi- Known Non- 

litlc Serum Syphilitic 

Serum 

Tube 4 Tube 6 

a-Positive a Normal 
serum serum 

bHuman b Human 
blood sus- blood sus- 
pension pension 

c Complement c Complement 


Third Control 
Set Without 
Serum 


Tube 8 


b Human 
blood sus- 
pension 

c Complement. 


Determinative tubes a Patient’s 
containing Anti- serum 
&en b Human 

blood s u s - 
pension 
c Complement 


Tube 3 Tube 5 Tube 7 

a Positive a Normal 
serum serum 

bHuman bHuman bHuman 
blood sus- blood sus- blood sus 

pension pension pension 

c Complement c Complement c Complement 


d Antigen d Antigen d Antigen d Antigen 

Incubation at 37 C for 1 hour • 

Antlhuman hemolytic amboceptor to all tubes 
Incubation at 37 C for 2 hours Let stand at room temperature 
over night 

* For incubation a water-bath was used instead of a thermostat This insures a 
more conrtant temperature of the surrounding medium, and brings the solution to the 
required temperature sooner 


Tubes 2, 4, 6, 8, 5 and 7 should be hemolyzed Ho hemolysis should 
be seen in 3, and if the ease is syphilitic. Tube 1 should show the same 

22 Ifoguclii now advises that the cells he washed hy allowing the emulsion to 
stand over night, pouring off the clear supernatant solution and adding fresh salt 
solution up to the original volume (Personal communication ) 
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SERUM DIAGNOSIS IN SYPHILIS 

inhibition It can readily be seen that this method is ninch simpler 
than the Wassermann technic The cells are always easily obtained in 
the quantities needed and no centiifuge is necessary to ivasli tliem Inac- 
tnation of the serum is not required, as the complement in the serum, as 
well as any mixed with the cells, is supposed to be absorbed dining tlie 
first incubation peiiod 

In order to render the method more available to persons without the 
facilities of organized laboratories, ISToguchi prepaied the different 
reagents by impregnating filter papei with amboceptor, complement and 
antigen in the proper quantities He has shown"® that complements and 
opsonms when dried at 23 C retam their actinty for a long time, and 
even withstand heating to 100 C Immune bodies aie even more resistant 
to the effects of desiccation Wliere guinea-pigs aie not readily obtained 
he recommended the use of dried complement, but suggested that when 
this serum could be obtained fresh it would be bettei to use it in the 
strength of 0 04 c c 

Tins simplification lendeis the method very attractive, but bef oie it 
can be accepted it must be thoioughly tried, and conti oiled bj^ a method 
which has gained the most universal acceptance, such as the Wassemiann 
technic 

A question winch comes up in connection uatli Hoguchi’s metliod is 
that of isohemolysins The work which has been done lately in hemo- 
lysis m cancer has called attention to the presence of isoliemolysins in 
the blood in a number of diseases Eisenberg®^ has demonstrated iso- 
hemolysins in five out of eight cases of syphilis WeiP® found hemo- 
lysis of alien cells in one out of turn cases of lues The proportion of 
cells and serum in such experiments is different from that used m the 
serum diagnosis test, and no foreign complement is added m the cancer 
test, bnt the presence of isohemolysins must he considered and might 
mask ceitain weakly positive reactions ynst as the existence of anti- 
sheep amboceptor masks the complement absorption in certain of the 
Wassermann reactions Hognchi has suggested that the tubes be care- 
fully observed for evidence of hemolysis at the end of the first incubation 
period, and if this is found, the case might be considered one of malig- 
nant disease This has been done in all my tes^s uitli evidence of such 
hemolysis only three times It has been noted however, tliat a feu of i ic 
cases of carcinoma showed quite rapid hemolysis after the homol}'tic 

23 Nbguclii H Jour Exper Med , 1907 ix, 462 

24 Ei«enl)crg Quoted by Well Jour Med Research, lOOS, xiv. -S 

25 Weil R Jour ^red" Resoarcb, 1908, xix, 281 



HOMER F SWIFT 


387 


amboceptor bad been added, sncb bemolj^sis taking place before that in 
tlie control tubes Occasionally this phenomenon has been noted in the 
tubes containing serum from syphilitic patients •which gave a positive 
Wasseimann reaction This masking of the sypnilitic antibody explain'^ 
the failure to obtain positive results in a small percentage of the sjphi- 
litic sera In such cases, with the method of collecting the patient s 
blood, it vas impossible to repeat the test accurately with the patient’s 
ov n cells , but it would seem wise in practice alv ays to use the patient’s 
ovn cells in applying this reaction This would necessitate multiplying 
controls, but for the sake of accuracy such a method should be adopted 
The tuo factors, antigen and amboceptor, dried on paper have 
differed in the time they can be kept The antigen has been found 
to be somewhat unstable The first lot furnished me, which at the be- 
ginning was perfectly satisfactor}^, at the end of five weeks gave no 
reaction with strong luetic serum When, however, two pieces of such 
samples were used good results were obtained This shows that in one 
month the antigen in this form had lost one-half its potency, although 
it was kept in the dark in a tighly stoppered bottle A second lot of 
matetial retained its power for a longer time, but at the end of two 
months failed to react with ■vseak sera This variability in the strength 
of dried antigen suggests the advisabilitj^ of keeping in stock an alcoholic 
solution and preparmg the papers frequently, or of using the liquid in 
definite measured quantities The hemotytic amboceptor, on the other 
hand, has letained its power in dried form for at least three months 
Samples made three months ago and kept in stoppered dark-coloied bot- 
tles still contam two units and react in a perfectly satisfactor}^ manner 
In my study of the iSToguchi reaction, hemol 5 dic amboceptor pre- 
pared on filter-paper by the originator of the method has been used 
Antigen prepared m a similar manner was used in the first 400 cases 
but on account of the variability of this form, an alcoholic extract of 
SI philitic liver has lately been substituted 

All material, except complement and syphilitic liver extract, has been 
obtained from the originator of the method, who desired to see if such 
material ‘vould prove as satisf actor}'’ in other hands as in Ins expenence 
In nearly all of the tests I have used my O'vn blood for red blood 
cells in order to have that factor as nearly constant as possible In about 
fift} cases parallel controls with the patient’s blood as indicator have 
been run. and in no case did I find any difference in the results 

The result of the comparison of the Wassermann and Xoguchi meth- 
ods are given in Tables 3 to 9 inclusive 
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SERUM DIAGNOSIS IN SYPHILIS 


TABLE 7 — WASSERMANN AND NOGUCHI REACTIONS IN CONGENITAL SYPHILIS 


No 

Age 

Symptoms 

Treatment 

Wasser- 

mann 

Noguchi 

Remarks 

154 

Three years 

Idiocy, anemia, enlarged livei. 

Little 

+ 

+ + 

Can not tolerate mercury 

225 

Eight years 

frontal bosses 

Deafness, Hutchinson’s teeth, 

Little 

+ + 

+ 


234 

Ten yeais 

jaundice, chorea 

Saddle nose, Hutchinson’s 
teeth, fiontal bosses 

None 

+ + 

+ + 

Eight brothers and sisters died 
in infancy Fathei has op 

237 

Ten years 

Congenital keratitis 

None 

+ + 

+ 

tic atrophy 


TABLE 8 WASSERMANN AND NOGUCHI REACTIONS IN SPINAL FLUID PROM SYPHILITIC PATIENTS 

Wissei- No , 

mann guclii Eemaiks 

+ + 


No 

91 

98 

117 

Diagnosis 

Tuberculous meningitis 
General paralysis 
Cerebrospinal syphilis 

History of Syphilis 
Several yeais ago 
Seven yeais ago 
Denied 

165 

Uremia, syphilis second- 

Not obtained 

178 

ary 

Disseminated scleiosis 

Denied 

315 

Congenital syphilis’ 

Not repoited 

316 

Congenital syphilis’ 

Not leported 

84 

Congenital syphilis 

Not repoited 


Evidence of syphilis 
Old specific scars 
Not stated 
Not stated 


Rash 

Not stated 


looks 

looks 


“Rash that 
specific ” 

“Bash that 
specific ” 

Anemia malnutution, 
enlaiged livei, rash 




+ 


Blood positive one 
month earllei 
Patient died of 
uiemia nest dav 
Blood shoncd weak 
positive reaction 
From child l^^e 
months old 
Fiom child si\ 
months old 
Piom child three 
months old 


TABLE 9 — ^WASSERMANN AND 


No Anatomical Diagnosis 

63 Mitral valvular disease 

219 Aoitic valvular disease ; 

syphilitic liepatitis 
344 “Syphilis ” 

374 Tuberculosis, 

pulmonarv 

pericarditis 
nephritis 


185 

201 

394 

364 


251 

232 

233 

293 

317 


chronic 
aortitis , 
chronic 


139 Syphilis, visceral 


Syphilitic meningitis 
Aortic valvular disease 

Pneumonia , syphilitic 
aortitis , 

Tuberculosis, 

pulmonary , syphilitic 
hepatitis 

Pneumonia granular 

ependyniHls 
Carcinoma of , 

Hemorrhage, cerebral , 
arterial ‘sclerosis 
Tuberculosis, chronic 

pulmonary , softening 

IntinaT^firocephalus 


KOGOCHI nEACTIONG IN ELOOD AND SPINAL rLDID FPOM ADTOPS.DS 
blood sebum 

Wasser- uomuks 

mann Noguchi Remarks 

+- 


Evidence of Syphilis 
No other 

Aortic disease, cirihosis 
liver 

Rupial lesions 

Aoititis, cutaneous syphilid 


of 


+ + 
A. 
+ 


+- 

+ 


SPIRAL rLUID — StPHILITlC 

Syphilitic pneumonia, chronic 
myocaiditis , syphilitic cu- 
rtiosis of liver, interstitial 
orchitis 

Marked thickening of pin 

Thickening of aortic valves 

Aortitis 

Hepatitis, cutaneous syphilid 


+ 


SPI^AL FLUII>-^OX SXPHUITIC 


None 

None 

None 

None 


None 


+ + 


+ 


"h ■ 


Fluid removed five dnrs 
postmortem 
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Primary, secondary, tertiary, latent, visceral and congenital S 3 ^pliilis 
are tabnlated, as also tabes and general paralysis To these are added 
the results of the examination of spmal fluids of syphilitics obtamed by 
lumbar puncture during life and of spinal fluids and blood obtained at 
autopsy The tabulation is arranged to show clearly any diflerence m 
results by the two methods When a difference was found at first exam- 
mation the reaction was repeated to control the methods and only the 
final result is published 

Summarized the results are given in Table 10 


TABLE 10 — STJMMABr of Comparison op wassermann and Noguchi methods 


Total 

Stage Number 

Primary 16 

Secondary 76 

Tertiary 45 

Latent, (none or little) treatment 39 

Latent, fairly well treated 46 

Visceral 60 

Tabes 3S 

General Paralysis 3 

Congenital 4 

Autopsy, blood 4 

Autopsy spinal fluid 5 

Spinal fluid from syphilitic patients 8 


Wassermann Noguchi 


Positive 

Negative 

Positive 

Negative 

No 

% 

No 

% 

No 

% 

No 

% 

13 

81 

3 

19 

13 

81 

3 

19 

70 

92 

6 

8 

74 

97 

2 

O 

o 

37 

80 

8 

20 

40 

SS 

5 

12 

25 

64 

14 

36 

25 

64 

14 

36 

21 

46 

25 

54 

27 

60 

10 

40 

41 

68 

19 

32 

40 

66 

20 

34 

22 

55 

16 

45 

26 

68 

12 

32 

2 

67 

1 

33 

3 

100 

0 

0 

4 

100 

0 

0 

4 

100 

0 

0 

4 

100 

0 

0 

2 

50 

2 

■50 

1 

20 

4 

80 

3 

60 

2 

40 

3 

37 

5 

63 

1 

12 

7 

88 


These results show that the hloguchi modification in 5 to 20 per 
cent of the cases was more delicate 

With the spmal fluids the Wassermann method seems to give a better 
result as is also the case with the blood obtamed at autopsy The num- 
ber of postmortem bloods, however, is so small that definite conclusions 
can not be made, but that this material is satisfactor}'- for the Wassermann 
reaction has been demonstrated by Pick and Proskauer,-® and Praenlvel 
and Much The latter, however, found that the blood of scarlet fever 
obtamed from the cadaver gave in five out of twelve samples a positive 
reaction 

CONTROLS 

In the course of this work a very large number of control bloods 
have been examined with negative results by both methods These may 
be classified according to the nature of the illness under the headings 
‘Tlermatologic,^^ ^^Medical,” Surgical” and ^TTeurologic ” The four 
groups mclude ninet 5 ’’-one bloods and sixteen spinal fluids, as follows 

Blood Controls, Deimatologic — Acne vulgaris, 4, pit^Tiasis versi- 
color, 1 , dermatitis herpetiformis, 2 , pyogenic dermatitis, 1 , eczema, 3 , 
er's'thema multiforme, 2 , fibroma molluscum, 1 . ecthyma, 1 , furuncu- 

2G Pick L and Proskauer, A ]Med Klmik, 1908 iv, 539 
-7 Praenkel, E , and Muck H Muncken med Wcknsckr , 1908, Iv, 2479 
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losis, 1, herpes zoster, 1, impetigo contagiosa, 1, kpus vulgaris 1 
lupus e^thematosus, 1, lichen planus, 1, rosacea, 2, pemphigus' l' 
syphilophobia, 1, tuberculosis verrucosa cutis, 1, chronic ulcer of 


mouth, 1 


Blood Controls, Medical— Aiihntis deformans, S, adiposis dolorosa, 
1, bronchitis, 1, hepatic cirrhosis, 2, diabetes mellitus, 1; diphtheria, 1; 
fever (unexplained), 1, cerebrospinal memngitis, 1, tumor of lung, 1, 
tuberculosis, 7, varicella, 1, meningitis (variety not stated), 1, chronic 
cardiac disease, 1 

Blood Controls, Surgical — Suppurative ademtis, 1, balanitis, 1, 
chancroids, 9; carcmoma, 11, condyloma acuminatum, 1, gonorrhea, 3, 
traumatic orchitis, 1 , tumor of chest, 1 , chronic ulcer of leg, 4 

Blood Controls, Neurologic — Cerebral tumor, 3, hemiplegia, 4, head- 
aches, 3 , spastic paraplegia, 1 , paraplegia, 1 , vertigo, 1 

Sgmal Fluid Controls — Tuberculous meningitis, 9; cerebrospinal 
menmgitis, 1, meningitis (variely not stated), 3, gastroenteritis -with 
meningeal symptoms, 2, alcoholic cerebral edema, 1 

The controls which gave a reaction may be divided mto three classes 
(A) scarlet fever, (B) leprosy and (C) miscellaneous 

A The frequent occurrence of a positive reaction in scarlet fever has 
been much discussed and, as the etiology of scarlet fever is unknown, 
has aroused some conjecture as to whether or not a spirochete may be 
concerned in the causation of this disease Mucli and Eichelberg*® report 
as positive, 50 per cent of the scarlet fever bloods which they examined 
Halbertstaedter, Muller and Eeiche^® report live out of ten cases, and 
Butler,®'’ four cases, positive On the other hand, many others report they 
have never obtained the reaction m this disease My results are given in 
Table 11, where it may be seen that in eight cases of scarlet fever the 
Wassermann method gave positive results m 12 per cent and the Noguchi 
in 37 per cent 

B Leprosy has been studied with the Wassermann technic by vari- 
ous observers The most extensive observations are by Lundell, Elmkvist 
and Sandman,®^ who studied twenty-six cases, of which four gave the 
reaction Of the four positive cases, three were of the tubercular and 
one of the maculo-anesthetie type My results are shown in Table 12 


28 Much, H , and Eichelberg, E Med Klinik, 1008, iv, 071 

29 Halbertstaedter, L , Miiller, E , and Reiche, A . Berl khn 
1908, 'dr, 1917 

30 Butler, W J Kevr York Med Jour, 1909, I'nca\, 20/ 

31 Jundcll I, Almkvist, A, and Sandimn, F Ccnfralbl / inn 
•ca'c, 1181 
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SERUM DIAGNOSIS IN SYPHILIS 

Of tee cases, one gave the Wassemann, two the hToguehi reaction With 

the WasBermam method inhitofaon was only partial, while with the 
JNToguchi it was complete 

C We now come to a class of cases, the miscellaneous group, which 
are of the utmost importance in the determination of the reliahility of 
this test These are summanzed m Table 13 
Among these, only one gave the Wassermana reaction This patient 
was a boy with varicella who presented strong evidence of congenital 
syphilis !N^o family history pointing to syphilis could be obtamed and, 
unfortunately, the case disappeared from observation so that the test 
could not be repeated after the varicella had subsided Hence it could 
not be accurately determined uhether this disease was the cause of the 
reaction or not Two cases of arthritis deformans gave a positive Hoguchi 
reaction, this is of interest in that Hoguehi has found that his test fre- 
quently gives inlubition in this disease In most of the other cases giving 
the reaction the blood was sent for diagnosis, the clinician suspecting 
syphilis in each case, but havmg little evidence to substantiate this diag- 
nosis Syphilis could not he absolutely excluded in any instance 

Hoguchi ascnbes great importance to the various grades of reaction 
Complete or marked inhibition he regards as diagnostic, while slight inhi- 
bition he considers as an indication for further treatment m those cases 
in which the diagnosis of syphilis has previously been made The seven- 
teen cases (Ho 381 is considered as one) reported in Table 13 show three 
with complete and eleven with marked inhibition, or a total of fourteen 
diagnostic reactions This number of positive icsults in non-sjphilitics 
would appear to be too high for unconditional acceptance of the method 
The cause of the increased sensitiveness of the Hoguchi method is 
apparently due to two factors First, a small antibody content is not 
masked by the presence of a large amount of native hemolysin , second 
the serum used is not inactivated Sachs*’” last year called attention to 
the fact that active serum gave a stronger reaction than inactive, but that 
with such serum positive reactions were obtained in non-syphilitie indi- 
viduals Boas”^ reported similar results and has shown that active serum 
IS two to four times more powerful than inactive, and that the reaction 
appears earlier and persists longer with active serum He further pre- 
sented a list of forty-five non-syphihtics giving a positive reaction with 
active serum, but reacting negatively when the same serum was inacti- 
vated From his work he concludes that it is not safe to emploi active 
serum and condemns the Tschemoguhow method because such serum is 


32 Snchs Werhandl d deutsch Dennnf GescTlsch X Kong , lOOS p 10/ 
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used Application of siicli observations and deductions to the study ot 
the Noguchi method leads to the conclusion that both the increased num- 
ber of specific reactions and the few non-specific ones are due to the use 
of active serum This does not destroy the value of the Noguchi method^ 
because mactive serum can readily be employed instead of active Ee- 
ferring to Table 13 it will be noted that the last eight cases gave results 
correspondmg to the Wassermann reaction when inactive serum was used 
In these tests the active serum was employed in the amount of one drop, 
which corresponds to 0 02 cc With the inactive serum 0 08 cc was used, 
the proportion of human serum to guinea-pig serum being two to one, the 
same as is employed in the Wassermann reaction I believe the use of 
active serum explains the non-specific reaction with the Noguchi method 
in some cases and am now working on this phase of the question The 
results of such work will shortly be published 

Wlien one compares the different methods, the advantages of Nogu- 
chi’s technic make it most attractive The small amount of serum re- 
quired, the ease of preservmg the reagents, and the fact that one does not 
require a constant supply of sheep’s blood, are important points in its 
favor, but to put it into the hands of untrained workers seems to me 
most undesirable Good controls are needed for each test, and the more 
that are introduced the more accurate are the results Only those having 
special training in hemolytic work and serum diagnosis can appreciate the 
difficulties of such a complicated method To obtain rehable results the 
work should be done under favorable conditions by one who has been 
trained in laboratory methods To place the material in the hands of 
inexpeiienced workers would bring the method into disrepute, for results 
would be too uncertain The enormous responsibilit}’’ assumed b}^ one in 
making a diagnosis would seem to require at least as much experience as 
IS expected of a bacteriologist or clinical laboratory worker 

COHCLUSIOlSrS 

1 The Wassermann leaction is a fairly definite diagnostic measure 
A positive reaction practically always means syphilis Negative findings 
give only presumptive evidence of the absence of syphilis 

2 The Bauer modification is not reliable because of the inconstant 
content of native hemolysin to sheep cells A large anti-sheep hemoljdic 
content will mask a partial complement fixation 

3 The Noguchi reaction is more readily applied and the matenalh 
are more easil}’’ procured and kept than with the Wassermann method 
It IS also more sensitive than the Wassermann reaction This increased 
sensitiveness, however, sometimes causes a positive reaction with non- 
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specific sera which give a negative Wassermann reaction Experiments 
now under way seem to indicate that this may he avoided by the use of 
inactive serum 

I wish to express my thanks to Dr Noguchi for instruction in the technic of 
the original Wassermann method, for placing the technic and materials for Ins 
method in my hands, and also for controlling in large part the early portion of 
my work 

The clinical material for this work has been obtained through Dr Tordyce, 
who placed the cases m the dermatologic department of the College Clinic and in 
his wards at the City Hospital at my disposal, also through Dr Van der Poel, 
of the gemtourinary department, Drs Stevens and Barringer, of the out-patient 
department of Bellevue Hospital, and Drs Norris and Crowell of the pathologic 
staff of Bellevue Hospital To these gentlemen, as well as to Dr B J Wilson, 
of the Willard Parker Hospital, and to Drs Joseph Collins, I am deeply indebted 



THE MUCH-HOLZMAHN SERUM BEACTIOH IN INSANITY ' 

A J ROSANOFF, MD 

KINGS PABK, N Y 

While the present trend in psychiatry seems to be mainly in the direc- 
tion of psychogenic causes in the etiology of the so-called functional 
msanities, yet from time to time cases are reported or in other ways facts 
are brought to light which would indicate that the toxic theory of the 
origm of these conditions is, at least for the present, not to be definitely 
discarded 

In a brief preliminary communication published a short time ago' 
H Much describes a new serum reaction which he found to be almost 
specific for dementia pr^cox and manic-depressive insanity This reac- 
tion is based on the alleged power possessed by the serum in cases of 
these conditions of inhibiting the hemolytic action of cobra venom on 
human red blood corpuscles 

With the collaboration of W Holzmann he exammed the blood in 
four hundred cases, including, on the one hand, various forms of msaniiy 
and, on the other hand, many different physical diseases without mental 
disturbances, and found this reaction always present in cases of manic- 
depressive insanity and dementia praecox, regarded as such in the strictly 
limited classical sense, according to Kraepelin , he also found it in some 
cases of epilepsy with periodically recurrent mental disturbances, 
further, he found it in sane persons belonging to families in which 
insanity existed 

These remarkable results led me to apply this reaction in a series of 
cases of \arious forms of msaniiy at the Kings Park State Hospital, and 
for the purposes of control and comparison, in a number of normal 
persons 

The technic of the reaction, as described by Much and Holzmann, is 
as follows 0 35 c c of serum is mixed with 0 25 c c of a 1 .5000 solution 
of cobra venom, to this is added 05cc ofalO per cent suspension of 
human blood corpuscles (prepared by allowmg blood to flow into normal 
salt solution containing 2 per cent of sodium citrate, washing the cor- 

I am indebted to Dr H Nogucbi, of the Rockefeller Institute for Medical 

eseatc i, for the impulse to apply the Much-Holzmann reaction in the cases cited 

” assistance in making the hemolytic tests 

XV 1 *’■, r Reaktion im Blute von Geisteskranken Munchen med 

U chnschr , Jfay 18, 1909 
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puscles t^Mce noimal salt sohition and iinally making a suspension 
of the desired stiengtli) , this mixture is placed m the lucubatoi for two 
hours and then in the refrigerator for twenty-ti?o hours, at the end of 
which time the reading is taken 

I have found it convenient to modify the technic to a slight extent 
The stock solution of cobra venom ivas prepared in the mannei sug- 
gested by Much and Holzinann namely by mailing a 2 per cent solution 
of the dried venom m distilled water and then adding an equal volume of 
glycerin, tins solution wms preserved by tlie addition of a few diops of 
chloroform and was further protected against putrefaction by being kept 
in the refrigeratoi Tor use it was diluted with noimal salt solution 
until a solution of the stiength of 1 6000 was obtained The cobra 
venom ivhich I used was fiom a specimen in possession of Di H 
ISToguchi of the Rockefeller Institute, by titration this specimen of venom 
was found to be so actively hemolytic that the relative quantity of the 
solution employed in tlie reaction had to be reduced to a little over one- 
half of that employed by Much and Holzmann The piopoitions of the 
other ingredients in the reaction — serum and suspension of blood coi pus- 
cles — were not changed, but then absolute quantities ueie reduced in 
order to avoid taking unnecessarily large quantities of blood 

From 1 to 1 5 c e of blood taken from the lobe of the eai supplied 
the amount of seium which I used in the reaction, namely, 0 2 cc , to 
this wms added 0 08 c c of the 1 5000 solution of cobra venom and 0 3 
c c of blood corpuscle suspension In the control tubes 0 2 c c of noimal 
salt solution was used in place of serum 

Complete hemolysis occurred in the control tube almost alwa 3 s befoic 
it occurred in any'" of the other tubes, so that it became evident that prac- 
tically all seiums had some slight power of inhibiting tlie heinohtie 
action of cobra venom on human blood corpuscles On the othei band, 
complete inliibition of hemolysis did not occur in a single instance Thus 
the reaction became merely a test of the relative degree of this inhibiting 
powei possessed by a given serum Therefoie, I took the readmgs, as 
suggested bj" Much and Holzmann, at the end of twenty-four hours (hio 
houis in tlie incubator and twenty-tno horns in the refiigerator), on 
thoroughly shaking the tubes In taking the readings m tins vay T 
found no difficulty in distinguishing bctn oen a strongly positne reaction 
and a distinctly negative one, but in many instances of moderate inhibi- 
tion of hemolysis I was unable to make the distinction satisfactorily , 
foi this reason, in tabulating my findings, I counted as positne (-f-) 
all cases in wbicli the mixtuio m the tubes on shaking showed complete 
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opacit}^, as slightly positive or doubtful (+) all cases m which there 
was opacity with a distinct laked appearance, and as negative ( — ) all 
cases in which the tubes showed any degree of transparency 

The cases used in this investigation weie carefully selected fiom the 
large amount of such material that is available at this hospital with a 
view to excluding all but perfectly t^'pical cases in which the diagnoses 
were as neaily certain as possible, thus in all the cases of general paresis 
the elmieal diagnosis had been corroborated by lumbar punctuie To 
this there were, however, five exceptions in four cases there were S3Tnp- 
tom-complexes resembling manic-depiessive insanity, but running a 
chronic course with no remissions oi alternating phases , these eases form 
in the table of fmdings a separate group designated “chronic psychoses 
allied to manic-depressive insanity”, and one case, which presented a 
chnical picture of dementia prsecox, showed, m addition, some evidences 
of organic bram disease and appears m the table as “psychosis allied to 
dementia praicox ” 

The specimens of serums assumed to be normal were obtamed from 
officers and emplo) ees at this hospital, who kindly consented to give some 
of their blood not only for the purpose of furnishmg the serum, but also 
for preparing the suspension of blood corpuscles used in the reaction I 
take this opportunity of acknowledgmg my indebtedness to them 

As will be seen from the figures in the table, the serums of some of 
the apparently normal persons showed a positive reaction The state- 
ment of Much, to the effect that this reaction may be found in the serums 
of sane persons belonging to families tainted with msanity, has already 
been referred to I regret to have found it impracticable to inquire into 
the matter of insane heredity in my cases The followmg table shows my 
findings 


Table 1 — ^Mucit-HoLZjrAxx Reactiox 


Mental Disorders 
Dementia pr-ecov 
General paresis 
Epilepsy with insanity 
EoljTieiiritic psvcliosis 
Manic depressne insanity 
Im olution melancholia 
Senile dementia 
Arteno‘=clcrotic brain disease 
Infantile cerebral palsy 
Paranoic condition 
Cerebral svpbilis 

Chronic pbycboses allied to manic 
insanity 

Psvcbosis allied to dem pra-c 
Ao psvcbosis 


Total Xo 

-b 

-b 

— 

38 

22 

2 

14 

35 

5 

3 

27 

12 

2 

4 

6 

8 

1 

1 

6 

15 

0 

1 

14 

10 

1 

0 

9 

11 

0 

1 

10 

6 

0 

3 

3 

5 

1 

2 

2 

2 

0 

0 

2 

1 

sne 

0 

0 

1 

4 

2 

1 

1 

1 

0 

0 

1 

37 

3 

5 

29 
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In 109 of the above cases the serum was examined also for the Was- 
sermann reaction In order to detennine whether there is any relation- 
ship between the Much-Holzmann reaction and the Wassermann reac- 
tion I have tabulated my results 


Table 2 — MucH-HotzMAKW and Wassermann Eeaction 


Wasser- 

No of 
Cases 






mann 

Keactlon 

No 

+ 

% 

No 

+ 

% 

No 


+ 

26 

8 

30 8 

2 

77 

16 

/a 

615 

± 

IS 

1 

77 

2 

15 4 

10 

76 9 

— 

70 

12 

171 

10 

14 3 

48 

68 6 


SUMMAEl OF riNDINGS 

1 Practical!} all human serums possess the power, in a more or less 
pronounced degree, of inhibitmg the hemol 3 d;ie action of cobra venom 
on human blood corpuscles ^ 

2 A comparatively high degree of this power, which constitutes the 
basis of Much and Holzmann’s reaction, is not strictly specific for any 
psychosis, being found with greater or less frequency in almost all 
psychoses and m tne blood of a considerable percentage of persons who 
are apparently normal (81 per cent, in the series cited in this paper) 

3 This reaction was present m more than half of my series of cases 
(57 9 per cent ) of dementia praeox As it appears to be much more 
common in this condition than m any other, it may prove to be a diagnos- 
tic aid, it would seem that the presence of this reaction m a psychosis 
should add, in the consideration of the diagnosis, some degree of prob- 
abiliiy in favor of dementia prmcox 

4 Of a series of fifteen typical cases of manic-depressive insaniiy not 
one gave a positive reaction, and in only one was the reaction doubtful, 
being clearly negative in all the rest I might add here that two of the 
patients had recovered from their psychosis when their blood was exam- 
ined 

5 There is apparently no relationship between the Wassermann reac- 
tion and the Much-Holzmann reaction 

2 For a complete presentation of the subject of venom hci^lysis sea Noguchi 
Snake Venoms, chap xvi (published by the Carnegie Institution, Washington, 

D C, 1909) 
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THE HATUEB OE SHOOK 
S J 2^IELTZER, M D 

>*E'\V YORK 

In the clinical literatnre, shock designates a group of giave symp- 
toms which fiequently lead to the death of the individual At the post- 
nioitem examination no anatomic changes can be detected which would 
account for death and the giave symptoms preceding it The fatal dis- 
tuibance underl3'-mg the phenomenon of shock is, then, exclusively of a 
functional nature Erom a purely scientific point of view, shock is, 
theiefoie, a subject pie-eminently helongmg to the domain of pathologic 
physiology It should he mentioned that the term shock employed in 
noimal physiology is not identical with the syndrome in which we aie 
interested here The shock of the physiologists refeis to the depression 
and suppiession of spinal leflexes brought about by a direct mjur}^ to 
the cord We shall not stop here to discuss the possibility of a common 
giound foi both foims of shock We wish, on the contrary, to point out 
one strikingly distinguishing feature physiologic shock is practically 
not progressive, on the contrary, as a rule, it is fairly lapidly regres- 
sive Clinical shock is, as a rule, progressive, although, as we shall see, 
it IS not invariably fatal 

In selecting the discussion of the nature of clinical shock as the 
subject of my present address, it is chiefly my mtention to record some 
experimental facts which we obtained in the course of various series of 
investigations and which may have some bearing on the interpretation 
of clinical shock 

As an introduction to this report, however, it wiU be necessary to 
dwell biiefi} on the clinical facts of our syndrome and also to revieiv 
briefly the theories as to the nature of shock now m vogue and the 
experimental facts on which they are based As to the chnical picture of 
shock I could not do better than to quote the description of a concrete 
case of shock as lucidly given by Eiseher^ nearly forty years ago . 

A strong and perfectly healthy young man was struck in the abdomen by the 
]io]e of a carnage drami by runaway horses No recognizable injury was done 
to any of the internal organs Nevertheless, grave symptoms made their appear- 
ance immcdiatch after the accident The injured man was lying perfectly quiet 
ind paid no attention to anything going on around him His face was drawn and 


-Iddrc^s dclneicd at tlie Academy of Medicine of Toronto, April 7, 1908 
1 Ficchcr, H Samml klm Tortr , 1S70, No 10, p 119 
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the foiehead wrinkled and the nostnls dilated His Mean 
lustreless eyes iveie deeply sunk in their sockets, half covered the dioonin.^ 

s ug^ishly to light The eyes had a glassy and \acant expression Tlze skm and 
the visibly mucous membranes had a maiblelike palloi Laige diops of sueat 
™ eyebrows The rectal temperature was subnormal The 

sensibility of the entire body was gieatly reduced, the patient leacted slmhtly 
and only to yeij-- painful impiessions Ho spontaneous inoiements of any°soit 
were made by the patient On repeated and urgent lequests he shoved that he 
could execute limited, brief movements ivith his extiemities When the limbs 
were lifted passiyely and then let go, they fell dmvn like dead The spliineters 
were intact The urine obtained by catheter vas scanty and eonccntiated, but 
otherwise normal The almost impel ceptible pulse vas lapid, in egular and un- 
equal The arteries ivere narrow and of yery lov tension Tlie patient ansveied 
slowly, reluctantly, and only after repeated urgent questioning His loice vas 
hoarse and weak, but ivell articulated On being repeatedly questioned, the 
patient complained of cold, faintness and deadness of all parts of the bodj 
When he shut his eyes he felt nauseated and dizzy The respiiatioiis appeared 
11 regular, long, abnoimally deep, sighing inspirations interchanged vith rajnd 
and superficial ones, ivliich ireie scarcely visible or audible 


Recapitulating briefl3’', the essential S3'mptoins of tins t3'pical case of 
tiaumatic shock consisted of general profound apathy, reduced sensi- 
bilit3", eii-tieine motor weakness, great pallor, very lapid, small pulse, 
thready and soft aiteiies, irregular gasping respirations and subnormal 
temperature 

Pischer does not state the subsequent fate of that patient 

Shock brought on by a blow on the abdomen has often had a lapidly 
fatal termination This is graphieall3f illustrated by the following in- 
stances given by Sir Astley Coopex ^ 

A man "walking through Fleet street (London) one dnj, happened to qunnel 
with a woman, ivhen anotlier man came up and gaie him a bloiv in tlie region of 
the stomach, "U'hich caused almost instantaneous death On dissection, no cause 
could be found to account foi his sudden death 

A man belonging to the India House vas attempting to lift a v eight, vhen 
another came up and jocosely said, “Here, stand on one side and let an able man 
attempt it,” and at the same time gave him a slight blov on tlie stomach, "wlien 
the poor fellov diopped dovn and expired His body, on being opened, showed no 
marks of violence 

Similai rapid fatal teimiiiations from shock are reported from 
iu"juries to the testicles John Huntei^ is stated to ^diave seen a man die 
almost immediatel3'’ on the loss of a testicle ” Fischer^ tells tliat he lias 
seen a strong man dying of shock a few liours after lie vas bitten in tlie 
testicle by a iiild horse Houever, there aie some cases ruth all the 
s3miptoms of profound shock winch, nerei theless, leeovcr complotelv 


2 Cooper, Sir Astley Lectures on Surgery, 1S30, p 9 ^ 

3 Hunter, John, quoted bv Morns Shock, London, ISO" p 13 

4 Fischer, H • Samml khn Vortr , IS90, Ho 10, p 119 
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Tiaveis,'^ ^^llo piobably was the fiist suigical autlioi to use the teim 
shock with the precise meaning attached to it now, wiites 

Again and again I ha-se left the bedside of patients brought into the hospital 
pulseless and apparently inoiibund without any external injury, having suffeied 
falls 01 blous so seiious as to have induced the symptoms of piostiation to an 
alaiimng extent, and haie found them on the succeeding day, to my great sui- 
piise, restored to the tone and tranquility of normal health 

The shock deseiibed in the foregoing instances is geneially desig- 
nated as tiamnatic shock It is chaiacteiized by sudden onset and rapid 
development of the symptoms following immediately on an injury moie 
01 less violently and lapidly executed In lecent liteiatuie we fre- 
quently meet with the teim "suigieal shock,” which has reference to 
the condition of shock which develops in the couise of a surgical opeia- 
tion 01 soon after it It occurs most fieqiiently in abdominal and brain 
opciations It dilfeis fiom tiaumatic shock only in its slower develop- 
ment, although most of the recent ivriteis have dwelt in their descrip- 
tion specially on the behavioi of the heait and the blood piessuie Possi- 
lily the pathologic state preceding the operation, the anesthesia and the 
loss of blood combine to obscuie the sharp outlines of shock as seen m 
piiiely tiaumatic eases 

As to the theories, the eailiei writers spoke in a vague way of the 
central neivous system as being the seat of the affection Cases of shock 
produced by mental tenoi without any physical injury gave support to 
such a view It was assumed that a strong emotion, as well as a physical 
commotion, caused some sort of profound moleculai changes in the 
hi am 

The first well-defined theory was brought forward by Fischer,® who 
founded it on the well-knovn expeiiments of Goltz Kepeated strokes 
on the abdomen of a fiog causes stand-still of the heart and paralysis 
ot the aiteiies and the veins of the abdominal cavity, which is brought 
about bj reflex paths Fischei assumed then that traumatic shock con- 
sists of a vasomotoi paralysis, especially of the splanchnic area, wheie 
the bulk of the body’s blood is accumulated, with a consequent anemia 
in othei parts Shock vas a hemoiihage into the body’s own large veins, 
Accoiding to Fischei, the vascular disturbance was the primarj’^ cause, 
all othei suuptoms weie sccondarj’^ phenomena due to the consequent 
nuomi.i of the peiipheial parts 

Another theol^ uas that of Gioenmgen," who assumed that all the 
noi\c centers vere equally affected, not bj’’ paralysis but bj exhaustion 

Tiwois Inqairv Coiiccinnig Constitutional Initation London, 1S27 

0 ri«tbor II Sainnil khn Toitr , 1S90, Xo 10, p 119 

7 Gioemngcn, quoted In tVarroii Surgical PathologN 
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brought on by the traumatic ovei -stimulation Mansell Moullin is cred- 
ited by Warren® with the theory that the vaiious nerve eenteis of the 
body were not exliausted, but inhibited 

These and some other theories weie simply construed at the wiitmg 
desk of their authors It is only within the last decade that more or less 
efficient attempts were made to study the nature of shock by the expeii- 
mental method As far as I can see, the experimentation led up only to 
a study of surgical shock, that is, to a shock which developed gradually, 
similai to that occurring in surgical practice, and there are no leports 
of experiments in which shock developed as lapidly as in the traumatic 
cases 

The most extensive series of experimental work on the problem of 
shock was earned out by George W Crile The piotoeols of the experi- 
ments and the conclusions diawn fiom them aie published in two large 
monographs “ The experiments weie made on dogs while under ethei 
anesthesia The various tissues, like skin, muscle, nerve, bone, etc, in 
the various jiarts of the body head, neck, thorax, abdomen, extiemities, 
etc , were subjected to various strong mechanical iriitations, to burning 
and to electric stimulations, with a view to study their effects on 
blood pressure and on the production of shock The effects of these 
various stimulations on respiration and cardiac activity were also studied 
but less extensivelj^ The chief facts leported by Crile are as follows 

Strong irritations, like cutting, tearing, burning the skin all oier the bodv, 
except 01 er the abdomen and testicles, and of the sensory nerve trunks cause, 
as a lule, a more or less strong rise of blood pressure during the stimulation 
Cutting the skin oier the abdomen or over the testicles causes as a rule a fall 
of blood pressure Opening the abdomen, exposing and handling the intestines, 
cause a continuous fall Kepeated stimulation of the skin or nerve trunks leads 
at first to a diminution in the increase in the rising elTect, then comes a stage in 
■which the stimulation causes primal ily a fall and finally ends up •rt’ith a stage in 
•tthich stimulation has no effect whatsoe'vei on the blood pressure At that stage 
usually the blood pressure is aery low and can not be permanently improved bj 
any medicinal or other treatment This is, according to Cnle, tlie stage of 
complete surgical shock Tlie development of shock is hastened by the strength 
of the repeated stimuli and by the amount of tissue involved in the stimulation, 
uiidei all circumstances, however, its development is always a slow and gradual 
one 

The characteristic signs of surgical shock are, according to Cnle, the 
vei^ low blood pressure and the impossibility of influencmg the pressuie 
an} stimulation The cause of it is exliaustion, tlie breakdown of the 
vasomotor center b} the preceding over-stimulation Adrenalin may 

S Warren, John Collins Surgical Pathology 2d ed , 1900 , 

9 Cnle George W An Kxpenmental Inquirv into Surgical Shock, I hiladcl 
phii 1899 ' aPo Blood Pre=«ure in Snrgerv, Philadelphia and London, 1903 
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tempoiaiily raise the blood jiiessure by a contiaction of the muscles of 
the wall of the blood vessels^ also tiansfusion or peiipheial mechanical 
piessure may laise the blood piesstiie simply by hydianlic pimciples, 
but the use will be only tempoiaiy The pressiiie will not be self-sus- 
taining on account of the complete exhaustion of the vasomotoi center 

According to Crile, then, failuie of blood piessuie is the piiinaiy and 
sole cause of all the symptoms of shock, and this failure has as its cause 
solely the exhaustion of the Yasomotoi centei The cardiac and respiia- 
toiy failures and othei phenomena are only secondary consequences oi 
siibsidiaiy faetois to the jnimaiy cause, the exliaiistion of the vasomotoi 
center 

Cl lie makes a distinction between shock and collapse In the lattei 
low blood piessuie and all the othei symptoms of shock may be present 
But the onset of collapse, Ciile says, is sudden and the conditions aie 
amenable to stimulation because the vasomotor center is not exliaiisted 
but only depiessed and can be raised to activity by stimulation As fai as 
I can see, the dilfeience between shock and collapse, according to Ciile, 
IS as follows 

The onset is giadual in shock and sudden in collapse Collapse may have 
its origin in caidiac, lespiiatoiy or vasomotor insufficiencies, shock is of vaso 
motor origin only Collapse is amenable to stimulants and stimulation, shock 
is not In shock the vasomotoi centei is exhausted, in collapse, if this centei 
IS affected, it is only functionally depressed 

I shall not discuss lieie whether it may be possible to distinguish at 
the bedside of a human patient between shock and collapse, although 
such a distmction might he of practical vital impoitance, since, ae- 
coiding to Ciile, stimulants like str3’'chnin oi alcohol may hasten the 
end in shock, but ma)'’ save life in collapse I wish only to call attention 
to the fact that shock as desciibed by Cnle fits only surgical shock, and 
that tiaumatic shock, especially as was described classically by eailier 
unteis, had, on the contiarjq mostl}^ if not always, a sudden onset I 
haidly think that Ciile assumes that all these cases weie onlv of the 
collapse laiietj' But I could not find in his waitings a discussion of this 
apparent disci epancy 

Cl lies lesnlls and teachings haie been widely accepted in the surgi- 
cal voild, especially in the United States and England They weie 
endorsed by such prominent experimental surgeons as Victor Hoisley 
and Harve} Cushing They veie given a wide prominence h^ the lec- 
tin es o£ ^Iinnmei}^® in England and they have found then vai into all 
neu text-books 

10 Mummoiv P Lockbait Lxucet, 1905 i p GOG, IT 
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Witlim the last few years^ howe'^ei^ some diveigeiit rievrs made then 
appeal anee Boise/^ in the United States, and Malcolm/^ in England, 
who aie willing to accept the facts as they aie reported by Ciile, at- 
tempted to interpret them differently They believe that the low blood 
piessure and the venous stasis observed in surgical shock need not be 
due to paralysis of the blood vessels and an exhaustion of the vasomotor 
center, but, on the contrarj^, can be and are the outcome of a high 
stimulation of the center and a stiong contiaction of tlie heart and the 
arteries The theories of these ivriters aie not suppoited by an} observa- 
tions 01 experimental tests of any weight, and v e shall not entei into a 
discussion of the validity of their theoietical aiguments 

I shall mention paiticiilarly, howevei, some impoitant expeiimental 
Avoik recently done by very competent physiologic investigators AY U 
HowelP^ undeitook to produce shock m anesthetized dogs eithei by pio- 
longed handling of the intestines or by appl}ing heat to a large surface 
of the skin or by operations on the biain He was fioquently confionted 
with the experience that what produced shock readily m one animal 
singiilaily failed to have any effect on another animal Hon ell distin- 
guished two forms of shock, caidiac and vasculai In some cases the 
pulse Mould be feeble and very lapid, vhile the blood piessuie Mould 
lemain of a faiily good height In othei animals the blood pressiue 
would drop to forty or tM'enty millimeteis of meicuxy, mIuIc the pulse 
would also be gieatly acceleiated Caidiac shock could occiii Mithoiit 
vasculai depiession, Mliile lascular shock was ahvays accompanied by 
caidiac shock HomcII thinks that neithei the vasculai noi caidiac shock 
Mas due to an exhaustion of the mediillaiy' centers, for in neithei case 
Meie there any signs of a precedmg o\ er-excitation He assumes that 
both eases of shock are due to an inliibition of the centeis in the medulla, 
that IS an inliibition of the tonus of the lagus centei mIiicIi causes ac- 
celeration of the lieait and an inhibition of the lasoinotoi centci which 
leads to vasculai shock 

Howell, then, like Ciile, sees in the distuibance of the ciiculation 
the essential chaiacteiistic of shock, but diffeis fioni him in that he 
does not assume that the lasomotor center is exhausted and that he lots 
the caidio-inhibitoiA eentei shaie in tlie causation of the diock 

11 Bojee Amei Jour Obstet , 1007, h p 1 

12 Malcolm Lancet Aii" 20 lOOi, u al«o Lancet, 1007, i, p 407 

13 iroMcll W II C out r Unit ion<5 to ^Medical Ecsearcli, dedicated to \ ictor 

C Vaimhan, 1003 
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The vasomoior studies of \Y T Portei alone and with his pupils^ ^ 
led him to lesults and views entirely antagonistic to those bi ought for- 
ward by Crile In the first place, m disagreement with Crile, he states 
that in Ins numerous expeiiments he failed to find an instance in ivlnch 
stimulation of an afferent nerve caused a significant fall of blood pies- 
suie, except, of course, on stimulation of a depressor nerve In his ex- 
periments, crushing or electiic stimulation of the testis always gave a 
rise and not a fall of the blood pressure Continuous stimulation of the 
central ends of the sciatic, brachial or other afferent nerves for many 
hours gave uniformly the same rise of pressuie as at the beginning 
An analysis of 765 blood pressure records fiom stimulations of the 
sciatic and biachial (and depressor) nerves of rabbits, cats and dogs 
bi ought out the result that the "percentage change in blood pressuie, 
which IS the tiue index of the condition of the vasomotor cells, increases 
as the blood piessuie falls ” Even in experiments where all the clinical 
signs of shock were present the blood piessuie very low, the tempera- 
ture subnormal, the heart beat weak and often iiiegular, and the iiii- 
tability of the nervous system apparently much reduced, stimulation of 
the depressor nerve lowered the blood pressure by 45 per cent All these 
data, says Poitei, aie wholly opposed to the hypothesis that exliaiistion 
of the vasomotor center hi ought on by over -stimulation can be the cause 
of suigical shock Porter offers no theory of his own as to the nature of 
shock, but he is veiy emphatic in his assertion that the vasomotor cells 
in shock are neither exhausted, depiessed nor inliibited Porter contra- 
dicts Ciile’s facts and disagrees with his exhaustion theory, but appar- 
ently he also disagrees with Howell’s views, that inlribition of the vaso- 
motor and cardiac centers are at the bottom of the phenomena of shock 

In connection with this review it maj’’ be mentioned that, according 
to a lecent statement of Sollnrann^'’ and his associates, '^corrosion or 
violent irritation of the gastric mucosa, submucosa and serosa, or of the 
paiietal peritoneum has generally no effect on blood pressuie or respira- 
tion in anesthetized dogs, the observations extending some time over an 
hour ” 

This biief review will sufiice to show that the experimental era has 
not ret solved the mystery of shock, and that the bringing foiwaid of 
new expeimrental facts capable of shedding some more light on our 
pu/zlmg pioblem is not j’^ct a superfluous luxury Before beginning the 
report of our own expenmental results I wish to complete the foregoing 
iCMow In the addition of tno brief statements 


14 Poitor rV T Am Tom Plnsiol ia07-’0S x\ pp SOO 444 and oOO 

15 Solhnan, Blown and rYillnnT^ Am Join Plnsiol 1907 xx p 74 
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Within the last few yeais, howevei, some diveigent vie^rs made tlieii 
appearance Boise/^ m the United States, and Malcolm/"- in England, 
who aie willing to accept the facts as they are reported by Crile, at- 
tempted to interpret them differently They believe that the low blood 
pressure and the venous stasis obseived in surgical shock need not be 
due to paralysis of the blood vessels and an eUiaustion of the vasomotor 
center, but, on the contrarj^, can be and aie ilie outcome of a high 
stimulation of the center and a strong contraction of the heart and the 
arteiies The theories of these ivriters are not supported by any observa- 
tions 01 experimental tests of any weight, and ii e shall not enter into a 
discussion of the validity of their theoretical arguments 

I shall mention particularly, hoAvevei, some important experimental 
Avoik recently done by very competent physiologic investigators W H 
HowelT® undertook to produce shock in anesthetized dogs eithei by pio- 
longed handling of the intestines or by appl3ong heat to a large surface 
of the skm or by operations on the brain He vas frequently confronted 
vnth the experience that rvhat produced shock leadily in one animal 
singularlj'" failed to have any effect on another animal Howell distin- 
guished tivo foims of shock, cardiac and \aseular In some cases the 
pulse uould be feeble and veiy lapid, iviiiie the blood pressure would 
remain of a fairly good height In other animals the blood pressure 
would drop to forty or twenty iniliimeteis of meicurr, while the pulse 
would also be greatly accelerated Cardiac shock could occur uitliout 
vascular depression, while vascular shock rvas ahvaj'^s accompanied br 
cardiac shock Howell thinks that neither the vascular nor cardiac shock 
Avas due to an exliaustion of the mednllaij’' centers, for m neither case 
Aveie there any signs of a precedmg ovei-exeitation He assumes that 
both cases of shock are due to an iniribition of tire centers m the medulla, 
that IS, an irdnbition of the tonus of the vagus center AAlnch causes ac- 
celeration of the heart and an inhibition of the A'asomotor center uluch 
leads to vascular shock 

HoAA'ell, then, like Ciile, sees in the disturbance of tlie circulation 
the essential ehaiaeteirstic of shock, but differs fiom him in that be 
does not asmme that the Ausonrotor center is exhausted and that he leta 
tlie caidio-inliibitozy center share in the causation of the shock 

11 Boise Amei Join Obstet, 1907, Ir, p 1 

12 Malcolm Lancet, Aug 20 1905, u, also Lancet 1907, i, p 497 

13 Howell, AT H Conti ilnitions to Medical Besearcli, dedicated to 5'ictor 
C A'aughan, 1903 
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The vasomotor studies of W T Portei alone and ■with his pnpils^^ 
led linn to results and views entirely antagonistic to those bi ought for- 
ward by Oiile In the first place, m disagreement with Cnle, he states 
that in his n'umeions experiments he failed to find an instance in which 
stimulation of an afferent nerve caused a significant fall of blood pres- 
sure, except, of course, on stimulation of a depressor nerve In his ex- 
periments, crushing oi electric stimulation of the testis always gave a 
rise and not a fall of the blood pressure Continuous stimulation of the 
central ends of the sciatic, brachial or other afferent nerves for many 
hours gave uniformly the same rise of pressure as at the beginning 
An analysis of 765 blood pressure records from stimulations of the 
sciatic and brachial (and depressor) nerves of rabbits, cats and dogs 
brought out the result that the ^^peicentage change in blood pressure, 
which IS the true index of the condition of the vasomotor cells, increases 
as the blood pressuie falls ” Even in experiments where all the clinical 
signs of shock were present the blood piessuie very low, the tempera- 
ture subnormal, the heart beat weak and often ii regular, and the irri- 
tability of the nervous system apjiarently much reduced, stimulation of 
the depressor nerve lowered the blood pressuie by 45 per cent All these 
data, says Porter, aie wholly opposed to the hypothesis that exliaustion 
of the vasoinotoi center brought on by over -stimulation can be the cause 
of surgical shock Porter offeis no theory of his own as to the nature of 
shock, but he is very emphatic in Ins assertion that the vasomotor cells 
in shock are neithei exlrausted, depiessed noi inhibited Porter contra- 
dicts Ciile’s facts and disagrees with his exhaustion theory, but appar- 
ently he also disagrees with Howell’s views, that inliibition of the vaso- 
motor and cardiac centers are at the bottom of the phenomena of shock 

In connection with this review it may be mentioned that, according 
to a recent statement of Sollmann^® and his associates, ^Toirosion or 
violent iriitation of the gastric mucosa, submucosa and serosa, oi of the 
parietal peiitoneum has generally no effect on blood pressure or respira- 
tion in anesthetized dogs, the observations extending some time over an 
hour ” 

This brief review will suffice to show that the experimental era has 
not ret solved the mystery of shock, and that the bringing forward of 
ner\ expeinnental facts capable of shedding some more light on oui 
pu/ding pioblenr is not jet a suxreifluous luxury Befoie beginning the 
lepoil of our orrn experimental results I mslr to complete the foregoing 
renew br the addition of two brief statements 

14 Poitor W T Am Joui PIumoI 1007-08 xx pp 800 444 and 500 
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Hendersonio ha^: lecently adopted Mosso’s theory of acapnia also foi 
the causation of shock Acapnia means an insufficiency of caibon dioxid 
in the tissues and fluids of the bod}^ and Mosso believes that this insuf- 
ficiency is the cause of mountain disease .Hendeison believes that the 
lack of carbon dioxid is also the cause of shock vlnch, foi instance^ 
develops in laparotomies on account of the escape of this gas from the 
exposed peritoneum and mtestines 

The other ^statement has reference to the brief mention of Bain- 
bridge and Parlanson^'^ last 3’'ear of two autopsies of postoperative shock 
in ivhieh the chromaffine tissue of the suprarenals was absent If such 
findings should turn out to be the rule, we may soon find a new and 
plausible theory of the nature of shock This, however, must be left to 
the future 

Our experiments which I wish to mention here were not undertaken 
and earned out v ith a view of determining the nature of shock Lapar- 
otomies were made on animals under various eonditions for the purpose 
of studjnng eeitam problems in connection with the gastrointestinal 
canal In these studies, however, some facts came to light which ma} 
be of assistance in the elucidation of some of the mysteries of shock, and 
that IS the reason why I wish to report them here 

The first senes of experiments deals with the motility of the gastio- 
intestmal canal We found there the fact that simple opening of the 
abdomen has a profound influence on this motility Experimenters open 
the abdomen as one opens the door of a room to see the doings and lieai 
the conversation which is gomg on, and they are then surprised that 
everything is quiet If the abdomen of a rabbit is open it is found that 
the bulky organs, the stomach and cecum, which fill up nearly the entire 
abdominal cavit}'^, aie practically without any motion 

The literature, therefore, contains hardly any statement concerning 
the motdit} of these organs, especially that of the cecum, winch is leiy 
large in the rabbit Dr Auer and myself^® have discovered, houeier, 
that if a normal rabbit is stretched out on its back and the hair o\ei 
the abdomen cut the regular movements of the stomach and cecum are 
lery plainly visible, the movements of the cecum aie espeeiall} coaise 
and easil}’’ visible and palpable nevertheless, on opening the abdomen 
there is not a sign of these movements, vhich appear to be siippiessed 
by this proceduie 

16 Henderson, Yandell Am Jour Plnsiol, 190S, wi, p 126 

17, Bainbridge and Parkinson Lancet, 1907, i, p 1209 

IS Meltzei and Auer Zentialbl f Pin siol , 1907, wi, Xo 3, Pioe ^ 

E\per Biol and Hed , 1907 iv, p 37, also John Auer Am Jour Phi-^iol , mo,, 
will, p 347 
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Tve then carried out n senes of espeiinients to find out the cause and 
nature of this suppression The cecum was studied first In the begin- 
ning ue sought to determine whether it is not the pain due to the inci- 
sion aftei the animal comes out fiom the anesthesia which inliibits the 
mOTements Por this purpose we have fiist sectioned the spinal coid at 
the upper end of the dorsal region Sooner or later the movements of 
the cecum weie as regular as usual Vve could now open the abdomen 
without causmg the animal any pain But it was found that now^ too, 
there was not a sign of cecal movement The suppression, then, was not 
caused by pain The openmg of the abdomen admits air, and sometimes 
cold air, and it is usually assumed that this has a profound effect on the 
peritoneum and intestmes VTe thought that this might be the cause of 
the suppression of the movements In testing this surmise we discovered 
that it u as not necessary to open the abdomen , simple free dissection of 
the skin of the abdomen from the underlying muscles was sufficient to 
stop these movements It was then evident that the suppiession of the 
movements was not due to direct action upon the cecum but to some 
reflex act Tempoiar}^ closing of the skm over the wound restored the 
movements again That it was not the contact of the okin area with 
the cold an or at least that it was not this alone, which caused reflexh 
the suppression of the movements could be proved by the fact tliat covei- 
ing the aiea with warm physiologic solutions did not restore the move- 
ments A similar result was obtamed, though the effect was less strong, 
uhen the skin of the thighs was fieely dissected Furthermore, even 
submerging the posterior part of the animal with the cut cord m a bath 
of 40 degrees C stopped the cecal movements for some time Apparently 
any adequate stimulus applied to the animal caused b}’’ way of leflex to 
the spinal coid an inhibition of the cecal movements The dissection of 
the skm pieseuts such a stimulus, and although we are as jet ignorant 
as to which of the factors accompanying the dissection is the essential 
stimulus, u e Icnow that the dissection presents a group of abnormal con- 
ditions, and any abnormal condition might serve as a stimulus The 
assumption that the suppression of the cecal peristalsis is an act of 
leflex mliibition we have furtliei tested by the complete destruction of 
the spmal cord In this case dissection of the skin was incapable of 
mterfeiing with the cecal peristalsis, which vas then even bettei than 
befoie The evil ghosts of exhaustion and fatigue which for moie than 
half a eentiiiy cast their dark shadows on manj* bright ventures m phis- 
lologv could not obscure the issue here The suppression of cecal peri- 
stalsis hr dissection of the skm could not have been brought on by over- 
'^tmiulatioii and exhaustion since after destruction of the cord and 
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dissection of the skin the peristalsis vas not hampered and in fact iias 
better than befoie The mechanism of this reflex ininbition of peii- 
stalsis is apparently this The splanchnic nerves and perhaps also some 
hypogastric nerve fibers aie inliibitoiy nerves for the gastrointestinal 
canal, ^nst as the vagus is an mhibitoiy neive for the Jieait In tlie 
noimal state an inhibitoiy tonus is piesent, that is, cutting of tlio 
splanehnie neives causes an increase of the normal peristalsis The 
tonus 13 piobably sustained by continuous mild reflex stimulation fiom 
the periphery When an abnoimal, strong stimulus is applied to tlie 
periphery, like the dissection of the skin, reflex inlnbition becomes in- 
creased to such a degree as to completely stop tlie normal peristalsis 
Wiien, however, the cord is destroyed and no spinal leflexes aie possible, 
the dissection has no effect and by the elimination of the noimal tonus 
the noimal peristalsis becomes even greater 

Our further experimentation, howevei, revealed the piesence of an- 
other inhibitory mechanism We found that aftei destruction of the 
cord theie was a shaip difference in the effect between simple dissection 
of the skin and complete opening of the abdomen In the lattei case 
the peiistalsis, whicli now did not disappear immediately after the poi- 
foiinance of tlie lapaiotomy, was not as complete as normally and con- 
tinued only for a shoit time Even in a warm bath of a ph} siologic solu- 
tion the cecal peristalsis ceased after ten or fifteen minutes Since tliere 
could be no reflex effect, the eaily subsidence of tlie movements must 
have been accomplished by the stimulation of some peiipheial inhibitorj 
mechanism We did not try to locate the liabitat of this mechanism, 
whether it be in tlie peripheial ganglia, neive endings or within the 
muscle cells of the intestines 

This series of experiments, then, established safelj’ the following 
conclusions That simple dissection of the skin over the abdomen pre- 
sents a distinct stimulus, that this stimulus when the corresponding 
jiart of the spinal coid is intact causes a leflex of an undoubted inlubiton 
ehaiactei , uhen the cord is destiojnd the opening of tlie abdomen bungs 
on a stimulation of peiipheral inhibitory mechanisms and that, there- 
foie uhen the coid is intact the opening of the abdomen is instrumental 
in bunging out a tvo-fold inhibition — a reflex inhibition and an inhibi- 
tion of a local peiipheial mechanism 

These conclusions found then verification in results at uhich Cannon 
and Muiplu‘« aimed in a series of different experiments Cannon as 
IS veil known studies the movements of the gastrointestinal canal in 
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noimal animals by the fluoroscopic metliod In a senes of espeiiments 
Mhicli he earned out togethei with F T Mmphy it was found that 
cnishmg the testes of cats iindei anesthesia stops the peristaltic more- 
inents of the small intestines When the splanchnic neives weie pie- 
Yioiisly cut, however, the crushing of the testes did not inteifeie with 
the movements of the intestines This shows that the crushing of the 
testes presents a stimulus winch causes reflex inhibition of the intestinal 
peiistalsis Fuitheimore, Cannon and Murphy found that the trans- 
poitation of food fioni the stomach through the mtestines, which in cats 
does not stop by simple exposuie of the intestmes to the an, is gieatly 
inhibited when the intestines are handled within the abdominal cavity 
and still moie so when they are removed outside of the cavity and 
handled there To test the nature of this inliibition Cannon and Murphy 
repeated these experiments in animals whose splanchnic neives ueie 
pievioiisly cut It was found that the handling still inhibits the move- 
ments The inhibition called forth by the handling, theiefoic, is due 
to some local mechanism Here again we have two varieties of inhibition 
— reflex inhibition and local inhibition of peripheral origin 

Before discussing the bearing of these facts upon the question of the 
natuie of shock we shall first lecoid some other observations bi ought to 
light by the investigations of Di Kast and myself in a series of experi- 
mental studies of the sensibility of the gastio-intestmal canal 

As IS now well Imoivn, the obseivations made in human laparotomies 
under local anesthesia led the surgeons to the view that the abdominal 
1 iscera feel no pain and possess no sensory nerve fibers In an extensive 
study winch ve made on dogs we found that the intestmes are sensitive 
enough as long as they leniam withm the abdominal cavit}^ and aie very 
little 01 not at all exposed to the an Wlien the abdomen is freely 
opened and the intestines removed from the cavity the sensibilitj’’ 
becomes greatly reduced or entirely' abolished temporarily or even pei- 
iiianently It is uitli sensibility the same as vitli motility, the sudden 
opening of the abdomen is like the sudden opening of a door which 
tliiovs a hush on the lively compan}’’ inside of the room "Wlien the 
abdomen i\as opened under anesthesia and one loop of intestine was 
goiith fixed between the bianches of a dressing foiceps and the abdomen 
then closed with temporaiy sutuies any moderate piessuie on the pro- 
tuuling handle of the foiceps invaiiably called forth an unmistakable 
‘iigii of the sensation of pain The lesult would remain constant for 
houi= If. howeiei, all the temporaiy sutures w'eie opened at once and 
‘iiom.ich and intestines peimitted to escape fiom the abdominal caviti, 
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m a minute oi two tlie sensations of tlie intestines uoiild be greath 
1 educed or completely abolished and would lemain so for a shoitei oi 
longer period until the intestines were returned to the abdominal 
cavity and the abdomen closed or at least kept well coveied with uaira 
physiologic solution We shall not enter here^ of course^ mto any details 
of these experiments We wish, liowevei, to call attention to the fol- 
lowing accompanying circumstances Simultaneously with the loss of 
intestinal sensibility a distinct reduction of the sensitiveness of the skin 
over the entire body takes place, and at the same time the animal becomes 
distinctly apathetic The dog, which a few minutes befoie was whining 
and restless, suddenly becomes perfectl}’^ quiet and strdcingl} indifferent, 
although the eyes are wide open and the lid reflex is active A stiong 
stimulus applied to the skm would wake up the animal, but only to 
sink again into the lethargic condition The intestinal and skin insen- 
sibility and the general apathy set in even if the opemng of the abdo- 
men occurred in a warm bath of saline or Einger’s solution The reduc- 
tion of the sensibility of the skin is as a rule less pronounced than tliat of 
the mtestines, the sensitiveness of the skin letuins also a good deal 
sooner The general apathy lasts a good deal longer During all this 
time the blood pressure remains high , it may be as high as 150 milh- 
nieteis of mercury or even higher The pulse, which sometimes becomes 
rapid for a short time, soon returns to normal, and the respiration may 
be even slower than normally 

What does this loss of sensibility and apathy mean^ With high pies- 
suie the phenomena can not be due to anemia, and with normal pulse, 
normal pressure and normal respiration it does not look like an exhaus- 
tion Knowing now that the suppression of the motor phenomena bj 
the opening of the abdomen is surely an inhibitorj' effect, ve assume that 
the blunting of sensation and perception also means an inhibition, that 
IS, an inhibition of the receptive sensor}^ elements Furthermore, since 
the processes of the reduction of the sensation from the slcm and of tlie 
geneial apathy can take place onl}'^ withm the eential oigan, ve bare 
leason to assume that the stimniating factors combined vitb the open- 
ing of the abdomen create at the central end of the sensoii nenes 
inliibitor^ jirocesses vhich aie lesponsible for the phenomena aboie 
desciibed 

Foi leasons into a discussion of "nhich we do not vish to enfci here, 
x\e consider it possible that m the none flbeis of tlie intestines the pei- 
jplioial receptne endings might also become someubat affected In the 
opening of tlio .abdomen At am rate the concitnencS' of the into— 
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tiDGs ’\^as distincll} nioie i educed, than that of the tiunks of the luescn- 
leiic nerves 

We inaj mention here an observation made by Di Auei and myself 
m studies upon the lespiiatory vagus Although these studies are fai 
fiom complete, the one fact which inteiests us here stands out quite 
clearly It has been Imown for half a centui}'’ that stimulation of the 
cential end of a vagus nerve, especially in labbits, affects the lespiiation 
so as to cause a standstill Numerous investigations were made on this 
subject and there has been a contention among the various writers 
vhethei the standstill occurs in inspiration or in expiration Standstill 
in inspiration means a tetanic contraction of the diaphragm, and stand- 
still in expiration means an inliibition of the spontaneous contractions 
of the diaphragm The inhibition occurs witlim the medulla oblongata 
and is of the same nature as the inliibition produced by the stimulation 
of the central end of the superior laijmgeal nerve Some years ago I*® 
shov ed that both statements are true, namely, tliat in some animals stmi- 
ulation of the vagus causes standstill in mspiration, in others standstill 
m expiration This means that the vagus contains two kmds of nerve 
fibers — stimulation of one kind causes excitation, that is, inspiration, and 
stimulation of the other causes inliibition of inspiration Which of the 
effects pievails depends m each particular case upon conditions which 
aie as ret unlmomi to us We have now observed in a few dogs and 
labbits that after the abdomen is widely opened stimulation of the een- 
tial end of the vagus causes invariably an inliibition of inspiration This 
means that the opening of the abdomen contains elements which favor 
the piedommanee within the medulla of an inhibitory state for the res- 
piiation We may add that in these experiments, too, it was evident tliat 
the opening of the abdomen is the cause of a manifest reduction of the 
sensibility of the skm 

Turning again to our experiments on the sensibility of the abdominal 
oigans, ve have to point out a few more facts which are of special m- 
teiest to 0111 problem In many of our dogs, especially in vigorous 
animals, blood pressure, pulse and lespiration would remam normal for 
maiii liours, in fact the experiment had to be broken off before there 
Mas any sign of a so-called vascular shock Weanwlnle the viscera had 
been repeatedly eientrated and replaced in the abdominal cavitiy the 
animal becoming more and more insensible to any stimulation and deepiv 
apathetic while the blood pressure nevei Mas less than at least 100 
iiiillinieteis mercuii In other animals the blood pressure dropped 
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witlim two 01 tliiee lioiiis to 60 oi 50 millimeteis, the pulse lan up to 
about 180, the respiiation was megulai and otheiwise the auunal pze- 
sented the picture of deep sliock Again, m another comparalively small 
group of animals it came to pass that immediately after a sudden release 
of the temporary ligatures of the abdomen the animal sank into a state 
of deep shock It lay absolutely motionless as it paralj^ed, no mannei 
of stimulation of the skin would bring out any reaction, the e^’^es ueie 
half closed with a eompletel} indiffeient look, though the lid leflex uas 
not entiiely abolished The respiration was very slow and gasping, the 
pulse very lapid and small, although the blood piessuie was still T'O or 
GO The mucous membranes weie usually pale, the viscera shoving at 
least no hyperemia The blood was always daik All this vould oeeiii 
even when the opening of the abdomen took place in a bath of 40 
degrees C The animals of this group were fai from vigoious, of a meek 
temperament and not well nouiished Even these animals did not die 
spontaneously, they weie usually killed b}' clamping the tiaehea oi by 
jmtting the tracheotom}’’ tube undei water, and the lemarkable fact vas 
then noted that in these animals the asphyxia did not lesult in any con- 
vulsions 

The shock seen in these few animals had a lemaikable similarity to 
traumatic shock as desciibed b}’’ Fiscliei and otheis in the human being, 
although in two of these animals the blood pressure was not lower than 
60 millimeters 

Prom this senes of experiments we have learned the following facts 
vhicli have a beaiing upon oui pioblem In all experiments in which 
our attention has been directed towaid this point, opening of the abdo- 
men and evisceration led invaiiabh^ to a reduction ot the sensibility of 
the skin and to general apathy, fiom both of vdiich the animal is apt 
to recover sooner oi latex uhen the visceia are piopeily taken caie ot 
\\dule both of these conditions may attain sometimes a consideiable 
degiee of intensitj'', the heart and blood piessuie may remain entirely 
unafiected If the tough handling of the abdominal viscera continues, 
the insensibility and the geneial apathy inciease In Mgoious animals 
tins did not leadil}'^ lead to a suriender oi the functions of the bod} to 
complete shock so that men aftei manj liouis of exposmc and handling, 
blood piessuie, heait and respnation still liad sufleied little In Icjs 
M gorous animals also the last named functions graduall} suiiendeied 
to the eftects of continuous rough handling of the Mscera, these animal^ 
giaduall} sank into complete shock Fmall} in animals vith reduced 
bodily lesistance complete shock appealed soon aftoi lajiarotonu and 
OMSceration. 
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In some cases an undoubted piofound shock uas piesent, although 
tlie blood piC'-suie ua'j not louei than 70 oi 60 milluneteis, a degree of 
piessuie ^^hlch, if not complicated b}^ any othei ill conditions, is still fai 
away from the danger line 

We uish to point out especially that in oui experiments in the cases in 
uliich the development of shock uas gradual the symptoms of msensi- 
Inlit}', general apathy and complete muscular relaxation mvaiialily made 
then appearance long before the onset of cardiac and vascular bieak- 
dovn 

Before eontmumg the discussion of our expeiiments furthei;, I wish 
to make the following remark with reference to the symptoms of shock 
In the above reported recent literature on shock low blood pressure is 
the paramount S 3 Tnptom 5 possibl}’' also a rapid pulse In the lucid de- 
sciiption of traumatic shock of some of the older iviiteis blood pressure 
vas lepiesented only by the few words that the arteries were of low 
tension, whde there was a great deal to saj’’ about the peculiar mental 
state, the insensibility, the immobility, the lespiiation, etc I mai^ also 
mention here that in referring to Goltz’s experiments on the effects of 
stroking tire abdomen of frogs, usually only the condition of the heart 
and blood vessels is taken into consideration, while Goltz has expressly 
pointed out that as long as the animal is under the influence of the stroke 
leflex it is as if paralyzed and seems to be without sensation Painting 
the leg nith acid causes no reaction, later, when the animal recovers, it 
tiies to get lid of the irritant I emphasize these points to show that 
the SYuiptoins of general apathj^ of insensibility and of muscular weak- 
ness are integral symptoms of shock The recent experimental studies 
on blood pressure in shock have, I believe, m some respects obscured the 
issue Low blood pressure is surely one of the symptoms of shock, but 
it IS not the onl}' srmptom Again, it is not necessar}* in the definition 
of shock to assume the presence of blood pressure so low that the animals 
can not lecoiei^ as there is sufficient clinical evidence that Tecoxerj from 
shock maj occui Furthernioie, there maj’^ be fatal shock vithout a veiy 
lo-\\ blood piessure, and there inaj be \exy low blood pressure without the 
condition of shock. 

bile I do not vish to enter heie into a detailed discussion of diag- 
nosis, 11 seems to me quite safe to state that for the diagnosis of trau- 
matic as veil as suigical shock it is necessary* to take into consideration 
the goneial mental state the states of the sensibAit}' and motilitj- and 
the conditions of the cardiac, \ascular and respiratori* fimctions 

Kotuining again to our own ex-periments, ve have seen that in ani- 
mal- of .ill degrees of \nality laparotomi and handling of the intes- 
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tines leads to some degree of general apathy, insensibility and motoi 
relaxation, in other words, to some of the symptoms of shock This 
paitial shock is not necessarily fatal and concerns functions winch aie 
not of immediate vital importance With the prolongation of the ex- 
posure and handling of the viscera, the danger of the involvement of the 
cardiac, vasculai and respirato functions increases, and the danger is 
the greater the lower the vital resistance of the animal The last- 
named functions are of greater importance tor the contmuation of life 
and are, therefore, in the vigorous animal provided with greater factors 
of safety, so that minor assaults do not easily shake their foundation 
Geneializmg our experience, ive may say that the sudden opening 
of any body cavity will frequently cause a partial shock which may con- 
sist of the anesthetic condition of the contents of this cavity, a reduc- 
tion of general sensibility and a geneial muscular relaxation Wlien the 
handling of the contents of the cavity is eontmued and the powers of 
lesistanee of the subject are at a low point, a more or less complete shock 
develops, m which other more vital functions become involved m varying 
degiee sometimes the heart, sometimes the vascular system, and some- 
tunes the respiratory mechanism, are predominantly affected Similar 
conditions may be brought on by extensive dissections or buimng of 
some parts of the body, it should be borne in mmd that one part may 
perhaps react more readily than another Beside these intentionally 
produced or accidental injuries, violent mechanical agitation of some 
especially sensitive part without actual destruction of tissue might also 
be capable of calling forth more or less complete forms of shock All 
these various methods of producing partial oi complete shock repie- 
sent in one form or another strong stimulations abruptly applied to the 
normally tranquil nervous system 

'Wliat is the natuie of that condition ivhicli we teim shock^ We me 
in the habit of expecting a stimulus to produce or increase an actiiit^^ 

In shock the activity of the functions is depressed or suspended By 
vhat method do the stimulating injuries cause this depression or sus- 
pension of activity The cuirent view is that the depression is a state 
of exliaustion or fatigue of the functions or of the nerve cells control- 
ling them In estimating the lalue of this hypothesis, one should re- 
member that it was first advanced to account for the mhibitorj elTect 
of tlie vagus upon the heart The objectors to the new idea of iniubt- 
tion tried to explain the fact of the arrest of the heart’s action b} as- 
suming that the vagus was the motor nerve of the heart, and that tlie 
cutting of the nerve caused fatigue of the heart bv ovor=:timulntion 
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Since tins time tins has been the favoiite hypothesis of some writeis 
to explain any i eduction of activity of the nervous system The fact 
that no hyperactivity of the function piecedes its depiession does not 
seem to have any weight with these writers 

In our own experiments upon the motility of the gastiointestinal 
canal we have seen that the dissection of the skin produced a suspension 
of the normal movements which could not depend on fatigue and ex- 
haustion, since the destruction of the cord lestored the function of the 
gut to even greater activity It was evident that m this case the dissec- 
tion of the skin gave rise to an inhibition of the motor function of the 
gastrointestinal canal similar in chaiacter to that of the cardiac in- 
hibition Furthermore, in the studies of the effects of the stimulation 
of the vagus on respiration, it was found that opening of the abdomen 
favoied the inhibitory response to stimulation to the central end of that 
nerve These facts demonstrate that dissections of the skin oi opening 
of the abdominal cavity do not produce exhaustion, but result in a moie 
active inliibition 

On the other hand, Howell has called attention to the fact that the 
vascular depression in shock is not preceded by increased activity suffi- 
cient to justify the assumption of exliaustion from over-stimulation of 
the centei Furthermore, in the stroke experiments of Goltz, the gen- 
eral paralysis and the anesthesia prevalent during the stiokmg of the 
abdomen is never preceded by tetanus or hyperesthesia 

On the basis of these considerations I venture the assumption, which 
IS not new, that the various m]uries which are capable of bringing on 
shock, do so by favoring the development of the inliibitoiy side of all 
the functions of the body This predominance of inhibition makes its 
appearance at hist in those functions which are of less immediate ini- 
poi lance to life, and are, therefoie, less insured by safeguards protect- 
ing their eqiiilibimm lYith increased mjury the inhibition spreads also 
to the more vital and, therefore, better protected functions of the nerv- 
ous s’^steni The eaily inliibition in the development of shock, of the 
functions of lessei impoitance, might even be looked on as being, in a 
dcgice, consei native measures of protection of other inoie important 
functions of animal life The lesifulness of the body, the painlessness 
and mental indiffeience aie certainly most desirable conditions in the 
inanagcnient of shock ot the inoie iital functions 

We shall sav here a few voids as to the meaning and impoitance of 
inhibition m connection with oui pioblem The bodVs functions are 
death constructed on the dual principle The heart has the aceeleratois 
as inotoi and the vagi as mhibiton nenes The vasculai si stem has 
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m the centiifugal diiection vasoeonstiictors and vasodilatois, the lattei 
haying simply inhibitoiy functions In the centripetal diiection theie 
are nerve fibers which inciease the tonus of the yasomotor eentei, as the 
fibers within the sciatic neive, and there are nerve fibers which inlnbit 
and depress the tonus, as the depiessor nerve For the respiratory cen- 
tals there are fibers vhich augment inspiration, as certain fibers in the 
vagus, and others, as the superior larjmgeal nerve, which inhibit in- 
sinration The same holds good for expiration Tor the gastrointestinal 
canal the vagus is essentiall}'- a motoi nerve and the splanchnic neive 
essentially an inhibitor These mstances will suffice to support the 
contention that the functions aie not Irept up simply by acting wlien 
there is a stimulus to them and by resting when a stimulus is lacking 
They are, on the contrary, constructed on the dual principle, on a well- 
balanced antagomsm between excitation and inhibition During life 
theie IS never an absence of stimuli, they stieam continually in 
legions from outside and are ever piesent in the blood and hunph The 
normal state of a function results from a proper balance of antagonistic 
stimulations, and the important functions aie well 2novided with fac- 
tors of safety to keep up the normal equilibrium 

Under unusual abnormal conditions, however, there may arise a ten- 
dency toward a deviation in one or the other direction, that is, in the 
direction of excitation oi in that of inlnbition 1171111 regard to shock, 
oui theoi}’’ assumes that the injuries winch produce shock disturb the 
equilibrium, causing a tendency towaid inhibition It certainly does 
not mean i educing the function to a single principle, to inhibition 
alone, it only means shifting the tendency toward inhibition Stimula- 
tion of neive fibers uhicli usually cause excitation will still cite, and 
fibers winch cause inhibition will still inliibit and probably inhibit e\en 
better than in a normal state Porter’s experiments shou mg that m 
sliock the depressoi is very active, more so even, than uhen the blood 
pressuie is normal, is fai fiom being evidence against the thcoiv that 
in shock the lasomotoi centei is moie favoiable fowaid inhibition, on 
the contrail’ it u ould tend to support this idea 

The assumption that the insufficient activity of seieral functions 
during shock is due to a jnepondeiatmg inhibitoiy influence lefeis only 
to the piiniaii effect It seems to me self-eiident that during the course 
ot shock othei influences must become secondarily actne Tlie insuffi- 
cient activiti of one lunction becomes detnmental to the other, and 
anemia asplnxin oi men fatigue or other conditions might become op- 
eratne during the pi ogress of shock 
KotKcfeller Institute foi Mcdicnl Kc=cnrcfi 
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The occiiiience of seiioiis, frequentH fatal, poisoning as a seqnel of 
chloiofoim anesthesia, manifesting itself first seveial lionis or even a few 
days after the use of the ding, has been hionght into jiioniinence through 
the ai tides of Ballin, Bevan and Favill, Biewei, Biackett and others in 
this conntiy, and of Guthiie in England, theiefoie, it is unnecessary 
foi me to discuss the literatuie at length, as this will be found fully 
abstiacted to 1905 in the artide of Bevan and Favill,^ and subsequent 
articles aie indexed in the foot notes to this aiticle 

REPORT OP THE CASE 

I desiie meiely to repoit a study of both the pathologic anatomy 
and the chemistry of a typical case, which I had the opportunity of 
examining at autopsy, thiough the courtesy of Di F S Tufts, and to 
considei ceitain featuies illustiated by this case and those so far le- 
eoided in the liteiatuie Di Tufts has kindly furnished me the clin- 
ical histoiy, vhich follows 

Chntcal Uistoj y — “The patient, a vigoious young man, uas boin in Wisconsin 
in 1S7S The family histoiy is negatnie He came to Chicago in 1899, and has 
been eniplojed as a foreman in the liog-casing department of a packing house 
In 1900 he maiiied a first cousin, i\ho gaie birth to a healthy boy in 1904 His 
childhood historv was negatiie, and up to 1902 lie wms strong, lobust, and of very 
good color 111 1902 he lost weight and color, and began to complain of an occa- 
sional stomach tiouhlc He had no acute attacks oi colic, but occasionally there 
was acute distress fioni gas aftci meals, with a sensation of fullness The first 
acute attack of colic and cramps occuiied on Jan 1, 1907, and was brought on 
bj a beaitv packing bouse lestaurant dinnei I sa\v him two hours after the 
attack and found slight tenderness in the umbilical region, but nothing aiound or 
near the gall bladdoi bo letuined to work the next day and was fiee from trouble 
until March 17 This second attack was apparently caused by fruit salad which 
he had eaten the day before At this time I found no fe\er, some rigidity m the 
light roctus, but not ranch tcndciness, he had had colic and tiamps all night hut 
not ‘'Cl CIO enough to call me On the next day, XIaicli IS, be went to work, 
iltboiuih ':till a little lame, and the following day ^asltcd me at mv office when 
the gall bladder was found markedh distended, it extended 10 cm below the 
coital arch was frcolv mo\ablo and slightly tcndoi At tins time there was no 
uwr no icterus nor c^cll bile in the urine (Gmelin s tost) On the next day Ins 
condition was about the same although the temperature was 99 2, pulse 78 Tlie 
following dn\ (Marcli 21) the temperature was normal and the tenderness c\as 


* I'roni the Dcpailincnt of ratholog\, Unnersitv of Chicago 
1 IRain in<l PimH, lonr Am Med As- n moi, xn GOl-OGO 
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subsiding, but he was quite pale and complained of feeling very neak, in tlie 
evening lie ivas taken to the Englewood Hospital” Here his pulse, temperatuie 
and lespiiation ivere recorded as noimal, and lie was prepared foi operation, 
whicn was performed at 4 p m on March 22 

ATiesthesta The anesthetic was chloroform and it was ‘'given with a fiec 
hand” by the anesthetizer, and cyanosis was \eiv marked The duration of anes 
thesia, however, was not long, as it is leeorded that the patient left the ward foi 
the opeiating loom at 4 p m, letuined at 5 p m, and w'as again conscious 
at 5 30 p m 

Operation — ^When the abdomen was opened the upper surface of the liver was 
found freshly aoherent to the parietal peritoneum, while the loivei surface, gall 
bladder and intestines were bathed w'lth lymph and fresh adhesions everywheie 
The gall bladder was thickened, but neither it noi the duets were distended, and 
no stones could be palpated On account of the evidently acute nature of the 
infection it was deemed wiser not to open the gall bladder, and the bad way in 
which the patient was taking the anesthetic impelled haste, so the abdomen was 
closed again without draining the gall bladdei 

Postoperative History — Following the operation the patient slept faiily well 
and the next day at noon the temperature rose to 99 7, but subsided on the foi 
lowung morning, March 24, although at this time there was a leucocvtosis of 
17,000 All this day the patient was in good condition, sleeping much of the 
time, until lip m , fifty-five hours aftei the operation, when he began to be 
1 estless By 3 a m , March 25, he began to be delirious, acutely maniacal, and 
was unconscious from that time on, although he could be roused somewhat by 
calling On the morning of tins day the temperature at 10 30 was 99 3, pulse 
82, respiration 22 The patient was very thirsty, icterus began to appear, and 
the urine, which befoie the operation had been normal, now showed much bile, 
albumin and hyalin and granular casts, but no crystals of leucin or tyrosin 
could be found Under the influence of chloial and bromids the patient became 
more quiet at about 4 p m , laughter and crying taking the place of the wild 
delirium previously exhibited Tlie jaundice had increased during the daj Bv 
3pm the temperature had risen to 103 , at 5 p m it was 104 , at 7 p m , IOC , 
and at 8 p m , 107 Death occurred at 9 30 p m , 100 hours after the operation 

Autopsy — This was performed at 9 o’clock the next morning, in the undei 
taker s room, to w^hicli the body had been removed An attempt at embalming 
wuth an arsenical solution had been made just before our arrival, but fortunately 
this was so inefTeetually done that practically none of the fluid penetrated the 
Mscera and tiiey were almost unaffected, however, there had been some fluid 
introduced directly into the peritoneal cavity, which interfered with cultures 
being made from the peritoneal exudate and gall bladder, while of course blood 
cultures wore made \aluelcss by the intrai ascular injection 

Autopsy Report — Tins is summarized below 

Anatomic Diagnosis Acute hepatic degeneration and atrophj Cholelithiasis 
with chronic suppuratiie and proliferatiie cholecjstitis Acute fibrinous pen 
cholecj stitis Suppmatiie cholangitis with fibrous pericholangitis Partial occlu 
Sion of cystic duct near juncture with hepatic duct Recent operatne incision in 
right hypochondrium General icterus 3Iultip]e ecchymoses in serosa of thoracic 
and abdominal cantics IIj postatie pulnionarj congestion Bight inguinal hernia 

External Appearance Young man, slenderly built, fairly nourished, icrj 
icteric all o\er the bodv, especially the fate, sclera bright yellow Scar of old 
trauma oier right tibii Recent operatne incision throe inches long in right 
hvpochondnum , also embalmer's incision in right arm Discolored skin areas 
from saline transfusion over both pectorals Right inguinal canal open a short 
(lit since 
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Abdominal Ca-^ity Distended by clear embalming fluid (arsenic and bicbloiid 
of mercury) (Climcally it iias flaccid up to death ) Omentum free Numeious 
small blood extravasations tliiougliout omentum Many hemorrbagie foci, size of 
pea and smaller, scattered tlirougbout mesenteiy and retroperitoneal tissue Sev- 
oial laiger suggillations nioie spaisely distiibuted Appendix fiee, tliiee inches 
long, no mcsoappendiv, no changes 

Gall Bladder Adherent to colon and pylorus by fresh, easily tom, fibiinous 
adhesions Surface of gall bladdei cmered by fibrin, beneath which are numerous 
hemorrhagic extravasations into the subperitoneal tissues Gall bladdei vail 
gieatly thickened, about 5 to 8 mm thick On palpation the bladdei apparentlj 
•iemi-solid, cystic duct thickened and distended Lessei peritoneal cavity fiee 
Diaphragm at fourth rib on both sides Slight adhesions about spleen 

Chest The entire mediastinal tissue riddled by ecchymoses, avei aging aboim 
Die size of a pinhead Peiicaidium studded with the same Pei icai dial cavity 
normal Both pleural sacs fiee from adhesions Pleura eieiyvheie studded vuth 
small ecchymoses 

neart and Gieat Vessels Normal Poital system fiee from thiombi 
Lungs Posteiior parts of each lung congested and darker than the aiiteiioi 
and contain much fluid (Piobably pait is embalmer’s fluid, no clinical indication 
of edema befoie death ) 

Lnei This is small v eight 1,050 g The margin is two fingeis’ breadth 
aboic costal margin The light lobe has been superficially hardened by embalm- 
ing fluid The left lobe is not hardened to any extent The latter is very flabby, 
pinkish giay in color and looks almost as if decomposed The anteiioi maigiii 
IS leiy sharp Surface discolored to a dirty pinkish-giay color and somewhat 
wiinkled The light lobe shows the lobulai marks with unusual distinctness on 
Die external suiface as a fine iietnork of lighter gray lines with reddish hexagonal 
nioas between The cut suiface of the right lobe shows the same mottling as 
‘50011 externallv, and is of a light jellow' tinge The left lobe is leiy distinctly 
lellow , the lobular maikings are difficult to distinguish The consistence is leiy 
flabby so that the Inei can be folded upon itself The bile ducts and large lessels 
show no cMdcnt changes On pressuie on ductus clioledochus, a purulent jellow 
fluid exudes into the duodenum from the ampulla of Vater On incision of gall 
bladder a lellow muco-pus escapes In the bladder are over 100 stones, black 
hard, laniiig m size from 3 mm in diameter down to that of the finest sand 
I ho gall bladder wall is G mm thick Tlieie is nearly total obstiuction of cystic 
duct neir its lunction with the hepatic duct by a fibioiis occlusion (scar tissue) 
iml picssnie of a mass of iccent fibrous tissue about the duct The hepatic duct 
seems to be normal A few stones occui in the ductus choledochu': The latter 
•-hows .111 inflimmation and swelling of the mucosa 

Spleen Appaientli normal Tciv much haideiied by embalming fluid 
Panel ea^ Xo eiidenee of fat ncciosis and no other change obseiicd 
Kidncis Somewhat haidencd bv embalming fluid Xormal size Capsule 
‘•tups noimalh , no oMdent pathologic alterations 
Adrenals Xonn.il 

Ut^tolantc Findinns — Liver There is not a normal liier cell to be found, 
uni \orv few indeed that are not totalh necrotic At first glance the liier 
ic'cmblcs an organ that has undcigone cxlcii‘;ne postmortem decomposition but 
it IS soon scon tint onh the parenchvma cells ha\o bcecn aflocted and that there 
uc quantitatne difToicnce« between the conditions in the center and pciijiben of 
the lobvilos Iflie lobules aie somewhat reduced in size and onh at the ^el\ peu- 
plu'i\ of the lobule-, can there Ik; loiind parenclnma colls that show iin approach 
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to the normal structiiie, these cells aie never more than one or two layers deep 
from the periportal tissue, and the best of them show cloudy swelling and fine 
granules of fat Immediately nevt to these cells is a nanow zone, lepiesenting 
a -width equal to tivo to ten liver cells, in -vs'hich the cells consist of a nieie mesh 
work of fat droplets -with no cytoplasm remaining and only evceptiomlly a 
nucleus In all the rest of the lobule, which pait constitutes fiom tivo thirds 
to four-fifths of the entire radius of each lobule, is total necrosis of the liver 
cells , nothing remains of them but the dead bodies of the cells, deeply stained bj 
eosin and evidently greatly reduced both in size and number Tliere is no throm- 
bosis in the hepatic capillaiies, no acute or chronic inflammation, and no eiidence 
of alteration in the bile ducts By sudan III the necrotic central cells are found 
rarely to contain small fat dioplets, although between them can be found Kupfer 
cells that are quite fatty The vacuolated zone near the periphery is composed 
of cells containing large amounts of fat, and the most normal peripheral cells 
show numerous fat dioplets 

Kidney Epithelium of convoluted tubules is granular and many of the 
tubules are swollen shut, and some contain occasional fat droplets, these aie 
especially numerous in the straight collecting tubules Some of the epithelial cells 
seem to be necrotic The glomeruli contain a considerable amount of granular 
debris, but otherwise no clianges Tliere is no hemorrhage, acute inflammation or 
connective tissue increase 

Spleen, Myocardium and Pancreas No changes found, except a small amount 
of fat in some of the muscle cells of the heait 

Gall Bladder Diffuse infiltration of the w all w ith lymphoid cells, plasma 
cells and some polymorphonuclear leucocjTes 

Chemical Examination of Linei — Immediatelj' after the autopsy the Iner was 
cut into thin slices, and S'iO grams of the fresh tissue w'eie placed in a large 
volume of 95 pei cent alcohol until thoroughly hardened, and then subiected to 
chemical analysis, the details of which will be published elsewheie- The chief 
results of this study may be summaiized as follows Among the water soluble 
substances obtained bv extinction of the liver tissue weie considerable quantities 
of flee aminoacids, piesumably denied from the proteins of the livei cells through 
autodigestion , of these aminoacids theie were obtained m pure enough condition 
for identification 0 34 gram of histidin, 0 26 gram of tjiosin, 150 grams of 
Icuein 1 57 grams of glycocoll and 0 58 grams of glutamic acid The presence 
•of aigiinn Ivsin, and p-yrrohdin caibonic acid could not be definitely established, 
although theie was obtained eiidence which indicated that these substances were 
in the extracts A further indication of the autolrtie destiuction of the Iircr 
proteins that was going on in this case was the finding of considerable quantities 
of proteoses peptones, and piobably of polvpeptids Free xanthin and hjpoxan 
thin wore also found in the extiacts, undoubtedly denied through autolytic dism 
tegration of tlie nuclcoproteins of the Inm cells There was no increase in the 
gelntigenous substance of the Iner, such as has been obseiied in acute yellow 
atrophv, since this is the result of regoneratne proliferation of connectne tissue, 
which had not begun to take place in the chloroform necrosis Iner The composi- 
tion of the insoluble coagulated proteins left after thorough extraction of the 
Iner with alcohol, ether, and cold and hot water was found to bo quite the same 
in tins Iner as m two normal Iners at least so far as the form in wbicb the 
nitrogen is bound whereas a Iner from a typical ca.=c of adianccd acute yellow 
atropln showed some loss of dianiino nitrogen Tins is shown in the following 
table gning the results of analyses of these four cases by llaiismann’s method 

2 Wells H G Jour Biol Chun 1^08 aol v 
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COJirAUlSOK BET^^EEI^ ACETE ATEOPIIY, 2\OR^IAE AND CHLOROFOUit NECROSIS LIVERS 


Acute Normal Noimal Cliloiofoim 


Amid nitiogcn 

Atrophy 

5 5 

(anemic) 

37 

(congested) 

48 

Ilumiis nitrogen 

36 

34 

49 

Diamino nitrogen 

26 2 

32 8 

30 0 

j\Ionammo nitiogen 

64 8 

60 3 

60 2 


Necrosis 
39 
57 
30 0 
60 3 


Tins same insoluble residue, uliicli consisted chiefly of piotems, contained the 
same amount of sulphur as noimal livei cYtiacted undei the same conditions The 
amount of non uas slightly increased, presumably because the hemolysis that 
aluays oceuis in laundice sets fiee ii on-eontaining pigment uhich the livei stoies 
up Phosphoius uas found inei eased by thiee oi foui times the amount found in 
noimal liveis, and this in spite of the great destruction of nuclei that had taken 
place No satisfactoiy explanation foi this increased amount of phosphoius has 
been found 

Hide ivas found 72 4 per cent of ivater in this liver, 8 per cent of fats and 


lipoids and 18 8 pei cent of diy, fat-fiee solids, which is somewhat different from 


the piopoitions found in typical acute jellow atrophy, as 
table 

Watei 

showm by the following 

Fat-fiee 

Dried 

Fat Siibstane 

Normal Iner (Quincke) 

76 1 

30 

20 9 

Noimal Iivei (Wells) 

77 6 

5 0 

17 4 

Acute atiophy (Porls) 

81 6 

87 

97 

Acute atiophy (Pei Is) 

7G9 

76 

15 5 

Acute atrophj (v Staick) 

80 5 

42 

15 5 

Acute atrophy (Tajdor) 

Acute atrophy ( Wakeman ) 

85 8 
79 3 

20 

12 2 

Acute atrophy (Wells) 

83 8 

25 

13 7 

Acute atrophy (Voegtlin) 

78 0 

66 

15 4 

Phosphoius poisoning (v Staiek) 

60 0 

29 8 

10 0 

PatU dogenoiation (i Staick) 

64 0 

25 0 

110 

Cliloiofoim neciosis (Wells) 

72 4 

8 8 

IS 8 


In respect to the amount of watei, this chloroform necrosis liier stands between 
the tvpical acute yellow atrophy Inci and the ordinary fatty Inei, just as it 
does ih its lustologi , that is, theie has been some leplacement of watei bv 
fat, as in the fatty Incis but not so much lepla cement of protein by winter as in 
tvpical acute yellow atrophy These figuies emphasize the fact that in chloiofoini 
ncciosis the amount of fat is distinctly increased, although not so much is found 
on anahsis as might be expected from the micioscopic findings Ta'^lor states that, 
in the chloroform necrosis lucr which he examined there were 200 grams of fat, 
which would be about twice the propoition that was found in my case, unfor- 
tunately he has not published safiicient details of the analysis to furnish the 
ai curate iiifoi ination desired 

The amount of lecithin and cholcstcrm in tins case was found to be not greatly 
ditTcrent from that piesent in noimal liieis, and thus again in marked contrast 
acute ■yellow atrophy, as seen by the accompanying table 
i\ hile the total amount of lecithin has decreased, this is only in proportion to 
the dccici‘-c m the total sire and weight of the liver, this pioportional decrease 
Ins gone on in spite of a rclatnc increase in the amount of simple fat, showing 
the sauio lack of correlation between the lecithin and the neutral fat which has 
been obsened bv others who have determined the lecithin content of organs show- 
111 " fatty di "cncration Ihidentlv, therefore the increase in the fat content of the 
li\or in chloroform necrosis is due entirely to ncntral fats Tlie chokstenn, on 
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the other hand, has appaiently remained in about the normal amount, and has 
not decreased ivith the lecithin and proteins, this is quite -what might be e\pected 
fioni what we know of the tendency of cholesterin, when liberated by degenerating 
cells, to remain at the place iiheie it is foimed 


O 



Flesh weight, pei cent 1 G 

Total dry weight, per cent 6 3 

Dry, fat-free material, per cent 7 7 
Ether-soluble substances, per cent 35 3 
Giams in entire liver 23 7 
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' GEXLRAL COICSIDEUATIONS 

If we examine caiefiilly the cases of ‘^‘^delayed chloiofoini poisoning, 
as leported in the literature undei various titles, it becomes appaient 
that there are included two fairly distinct types of cases resulting fioin 
the same cause, and that these types differ both clinically and anatomic 
ally In one set the patient is usually a child, the clinical mamfesta- 
tions are vomiting, restlessness or extreme excitement, terminating in 
coma, fiequently more or less c3’'anosis, and sometimes definite an hun 
ger, a sweetish odor of the bieath and acetone bodies present m le 
unne in most of the cases in which they were sought for, in other wor s, 
the symptoms resemble in many respects “acidemia” or acetoneinia, 
undei which titles many of these cases have been described The ivei 
in these cases generall}' shons more or less fatty change, usual y v ico 
described carefully the fat is said to have been chieflj m the perip leiy 
of the lobules, and there is no mention of necrosis of the hepatic ce s in 
the published accounts of these cases Generallj’’, fatty degeneration anc 
more oi less acute parenchymatous degeneration, sometimes even seieie 
iieciosis, are found to have taken place in the kidne}" In practica i 
none of these cases has jaundice been obseived, and the liver c lange^ 
have not usuallj' been very severe To this group belong all but per laps 
one or tv o of the cases described bj Guthrie, and the cases of Brae vC , 

Brevei, and Telfoid and Falconer 

Quite different fiom tins group aie the cases of Stockei, Band ei, 
Eilach Jlaithen Mintz Ballin Campbell-Horsfall, Gulcke Cushing 
Tailor, Holmes and the one described in this report Heie the clinica 
picture at first is lathei similar to the first group, in that the onset i- 
iwnalh vith restlessness, e\citatiom and delirium which passes into 
coma Howeicr in place of those s^Tuptoms which are usualh consid- 
ered as manifestations of acetonemia there appears a rapidh developing 
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jaujidice, 'i^liich to^^alcl the end is geneiall}* lei} seveie Associated 
inth this jaundice are tiequentlj* observed cutaneous hemorrhages The 
manifestations lesemble in eveiv respect a seveie cholemia, associated in 
some cases with the finding of leucin and tj rosin ci3''stals in the urine 
Consequentlj’’ several of these cases have been reported under the title 
of ^^aeute jnllow atrophy of the liver, which diagnosis is supported in 
the mam by the anatomic findings at autopsy The liver is usually 
decreased greatly in size, with wrinkled capsule, friable consistence, and 
lellmvish or red and j^ilow discoloration, often the organ is so severely 
disorganized, as in the cases of Tajdor and the one here reported, that 
it may be best described as "'putt3'-like " Wliile there is always more oi 
less fatty increase, this is usually more apparent than leal, much of the 
lellow color commonly described as “fatty degeneration^ being due to 
bile pigments, necrosis is the predominant change, begmnmg in the 
centci of the lobules, as m typical “idiopathic” acute yellow atrophy 
I have had the opportunity to study the histologic appearance of 
three tj^pical cases of this kind including one that was reported by Dr 
Ba3md Holmes® and, thiough the kindness of Dr Hektoen, the case 
reported by Drs Sevan and Favill, and the resemblance of the findings 
111 all three is very striking. As compaied with the histologic picture 
described above in connection wnth the case which is the subject ot this 
lepoit the diffeiences are but slight The Holmes case diffeis only m 
haring a slightly wider zone of well-pieserved cells in the peripher3" and 
m the presence of moie leucoc3tes, especially at the junction of the fattj 
and the neciotic zones In the case of Bevan and Favill, which clmi- 
cally was without jaundice oi other evidence of hepatic involvement, the 
fatt3 zone is very much wider, and the necrotic central cells contain 
more numerous and larger fat droplets, the size of each lobule is, if 
anr thing increased rather than shrunken But, taken all together, the 
]n«tologic picture is stiikingh' similai in all three livers, practically 
identical m fact, and indicates the specificity of the eilects of chloiofoim 
on the Iner 

Tins neciosis is associated with rapid autolysis of the dead cells, so 
lliat in 1113 case tlie weight of the liver had fallen in four daj's to 1,050 
Uianis, presuniabl3 fioni a normal weight of fiom 1 600 to 1 800 grams 

a rcvult of this autolrsis, leucm and tj-iosm mar’ appear m the urine 
ind free amino-acids mar' be found in extracts fioin the liver itself Of 
p.ntuular inteie=i is the fact that m all the lepoited cases of this type 
as fai as I cm find the patients rroie adults, r arring fiom 20 to 42 reai'= 
of age, whereas, in the acetonemia tr-pe the patients were nearlr all 
rountr tlnldron Jhe Berau and Favill case in ‘ a girl aged 12i/i reai = 

a Holni. « I5n\ ud AjijH'iulKitJs 1904, p 214 
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with, the stature of a woman,’’ seems to he at the bolder line between the 
two groups, for clinically theie was no jaundice and the manifestations 
weie of the ^‘acetonemia” type, but histologically the liver, which was 
enlarged lather than shrunken, showed a considerable amount of central 
necrosis, although the fatty changes ivere more marked than in either of 
the othei two cases that I have studied, and the necrosis and autoljsis a 
little less extensive 

Both sexes are represented in each type, with peihaps a slight pre- 
ponderance of females Wli}'' there should be this difference in the re- 
sults of delayed chloroform poisoning in children and in adults I do not 
know, but the number of cases reported is too laige to make it seem 
puiely a mattei of coincidence ISTeaily all reported cases of fatal de- 
layed chloiofoim poisoning seem to have occiiiied in the young, only 
two 01 three patients having reached the forties Consequently theie 
appeals to be some difference in the liver or in the entiie oiganism be- 
tween jmuth and latei life that detei mines this susceptibility to elibro- 
form In young adults the susceptibility of the livei seems to be par- 
ticularly great, so that severe necrosis of this oigan, with simiptoms of 
hepatic insufficiency, dominates the anatomic and clinical pictiiie 

The changes in the liver, in this second type of delayed chloioform 
poisoning, are not essentially different fiom the changes in the eaih 
stages of acute yellow atiophy, except that there seems to be a moic 
extensive fatty degeneration and infi'ltiation In tiue acute }ellow 
atiophy there is no distinct inciease in the pioportion of fatty mattei 
in the livei, while the total amount of fat is decreased moie oi less 
fiom the noimal, along wath the general loss of hepatic substance In 
chloioform neciosis theie is always more or less fatt} nietamoiphosis 
noticed micioscopicalh, and m the tw'o cases in which the fat was ex- 
ti acted and w'eighed, Tajloi’s and my own, the amount of fat was dis- 
tinctly inci eased abo^e noinial It is possible that if one were to secuie 
a livei in clilorofoim neciosis as long after the onset of the hepatic in- 
juij as IS the case with acute lellow atiophy, where death occurs iisuall} 
onh after weeks rather than da}s, the changes might be found still moie 
similai for I have found that it is possible foi a fatty liver to lose much 
of its fat and to hare the fat replaced by fluid dm mg the healing stages 
of the hepatic lesions pioduccd by hydranne poisoning* Howeier, eien 
with this disparity of time the lesults of analysis of a Inei in idio- 
pathic acute yellow- atropln of several weeks’ duiation are, on the whole 
\eiw similar to those obtained with this chloroform neciosis lner,“ and 

4 W oil's H G Pntliologie ATntom\ of IIvdrn7uic Poisoning, Jour L\i>or 
Mci] lOOS \ Xo 4 

■» Wells II G Chcniistn of the Li\cr in Acute Yellow Atropln, Jour 
Pxper Med , 1007, iv G27 
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I can not lake issne with those mIio have diagnosed then cases of delayed 
chloiofoini neciosis as acute jellow atiophy l^eveitheless, I believe 
that it Mould be ivell to leseive this teim foi those cases of hepatic 
atiophy which occur without evident cause, and which aie characteiized 
by a "widespiead neciosis of the livei cells ivithout fatty metamoiphosis, 
folloMcd by lapid autol}sis and lemoval of the ncciotic cells, and eaily 
pi olifei alive activity of the intoistitial tissues and the bile duct epithe- 
lium As a paiticulai chaiaetcristie of this disease should be mentioned 
the fact that the oigans othei than the liver seem scarcely to suffei at 
all 01 only secondaii'iy to the hepatic insufficiency Chlorofoim neciosis, 
piieipeial eclampsia, and ceitain violent septieemias, pioduce changes in 
the livei that aie nioie oi less siimlai to those desciibed above, but never 
quite the same, especially in the i datively gieat in3ury of other organs 
and the extent of fatty changes m the livei , theiefoie, I believe that 
ve ivould do best to lefer to these several forms of hepatic necrosis by 
the names of the condition causing them, consideimg the typical ^hdio- 
pathic acute lellow atiophy” as a pathologic entity, ivhich peihaps may 
be found to have a specific cause 

As to the leason foi the seveie effects that chloioform sometimes 
pioduces on the liiei, some time ago I advanced a hjqiothesis sDineMhat 
as folloivs ° 

Cliloiofoim IS a pioloplasmic poison foi cells of all kinds, stopping tlieir syn- 
thetic actnities but not seiiously inipaiiiiig then antolytic enzymes This ive 
^00 if ivo add chloiofoini to a cultuie oi emulsion of bacteiia, the cells at once 
die and begin to nndeigo autoiysis In new of the nature of the changes that 
occur in the h\ci m chlorofoim neciosis it seems piobable that a similai effect 
has been pioduced by the cliloiofoim upon the Iner cells, that is, their synthetic 
actnities aic ciiockecl, and autolvsis goes on imbalanced by constructive processes 
ric'^uinablv it is the oxidatne enzymes that aie chiefly affected by chloroform, 
foi, if these veie destioied, the resulting changes ivould be exactly nliat ive 
oilmen 0 taking place in chloiofoini neciosis, that is, the lipase nould act unbal- 
anced In the noimal oxidative dcsti notion of fatty acid and glycerin and so fat 
would accumulate in the cell, while at the same time sjmtheiic changes, which 
«eeiu to depend upon oxulatne processes and the correlated reductions, would be 
^tofipcd, and aiitohsis would assume the upper hand While at the piesent time 
w'o liaie no means of determnung the correctness of this hypothesis, still it can 
he ‘.aid lhaf notliing that is not in harmony with this theorization has yet been 
leu nod conccining the pioccs=os that take place in chlorofoim necrosis Chemical 
aiiahsis has inoreh corrohoiatcd the anatomic evidence of autoloysis and fat 
increi«e in iho Inci cell's 

.Tusf whi ihc luei should only occasionall3' suffer this seiious iniiiri 
fiom cliloioform is ctill unexplamecl Although in ma own case it is 
piohahle that oxccssueh fiee admmisti ation of chloioform ma\ have 
been of infiiieuce in mam of the recorded cases this explanation has not 
hecn ninilahlc for often it is stated specifically that onh a small amount 

i> MelK H G Delaied Chloioform Poisoning and Allied Condition* Jour 
Am Xled A^-’n P(b " 1000 xl\i 341 
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of clilorof orm lias been used There is abundant evidence that anj thing 
that impairs oxidation favors the occurrence of chlorofoim poisoning, 
and diseases that are prone to afEect the liver, especially those tliat of 
themselves frequently cause fatty changes in the liver, aie said, by all 
ivho have studied delayed chloroform poisoning, to be important predis- 
posing factois As a possible explanation of this appaient relation of 
pre-existing fatty changes in the liver to chloroform neeiosis of the 
same organ^ I would make the following suggestion 

Chloroform, like other anesthetics, seems to owe its effect on the 
nervous system to the fact that it is a strong fat solvent, and hence is 
taken up b}*' the lipoids of the nervous tissues This fact was fiist 
biought out by Overton and Meyer The amount of chloiofoim that a 
tissue will take up, therefore, depends on tlie amount of fatt}'' material 
in it which can dissolve the chloroform out of the blood, this is on the 
same principle as the method used in the laboratory for separating 
substances of different solubility in water and ethei, water and chloio- 
form, or other immiscible liquids, for the substance in solution distrili- 
utes itself between the two solvents according to its solubility m each 
This phenomenon is manifested ivhen anesthetics are administered to 
obese persons, vhose fatty tissue absoibs so much of the anesthetic that 
it requiies a coirespondingl} larger amount to affect the nervous S3slem 
It would seem probable, therefore, that a fatty liver would abstract much 
moie chloroform from the blood than a normal liver, and that this 
chloroform would thus act more strongly and for a longei time on the 
protoplasm of the fatty liver cells than it v ould in a normal lii ei 

As to the fact that tlie necrosis observed in these liveis is in the 
center of the lobules, and that the fatty changes aie sometimes central 
and sometimes peripheial, it would be hazardous to offer an explanation 
Tlus distribution of the hepatic lesions in the lobule is ah.ais a puz- 
zling question, for although we can construct explanations on the basis 
of the fact that poisons first reach the lobule at its iieripheiy and thal 
the OX} gen supply is poorest at the center, 3et we always find that excep- 
tions aie so abundant for any rule we may attempt to formulate that 
oui attempted explanations of the observed facts have no ralue For 
example ui phosphorus poisoning in most of the lover animals ve find 
the fatty changes beginning at the peupher} of the lobule, ict in 
inonkeis and apes the changes are said to be central, furthermore, an- 
other steatogenetic poison hvdrazine, alvajs produces the fatU changes 
in the center of the lobule in the same animals in vluch phospliorus 
attacks the peripher\ 

The necrosis of the Inei in piicipcral eclampsia is oidmarih pcriph- 
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eral, and is asciibed to capillary thrombosis j\Iiilzer‘ found that 
chloroform administered to rabbits rapidly piodnces fibrinous thrombi 
in tlie capillaries, especially of the lungs, hut also m the liver and kid- 
neis These thrombi are probably initiated by the clumping of in^uied 
led coipuscles, and their development is favoied by the increased coagu- 
lability of the blood, which develops during the anesthesia It is well 
knoMii that in3ection of substances that cause agglutination of the red 
coipuscles piodnces extensive necrosis of the liver tissue, but the dis- 
tiibution and appearance of the lesions produced by agglutination 
Ihiombi aie quite dissimilar to the lesions of chloioform neciosis In 
niv ovn specimens fiom two cases, I was unable to demonstrate capil- 
lary thrombi by IVeigert’s fibrin stain, and in other cases in the liteia- 
iuie the lepoit of the pathologic anatomy is far too incomplete to pei- 
mit one to judge as to the presence or absence of such thrombi Of 
couise, it might be possible to explain the anatomic and clinical findings 
on the liasis of capillary thrombosis, if this existed to a sufficient extent, 
but so fai theie is no evidence of the oceuirenee of such a process It 
has been suggested that chlorofoiin lowers the normal power of the 
blood to inhibit autolysis, and if this were extensive enough it might 
account foi the sudden autolysis of the liver that appeals in chlorofoiin 
poisoning Studies of the inhibiting pouer of the serum of animals 
dining chloroform anesthesia might throw some light on this 

Two theiapeutic hints that have lecently appeared seem to be well 
enough supported by the pathologic and clinical observations to be le- 
fciied to in closing J H Lyons, of Seattle, in discussing the tieat- 
inent of puerperal eclampsia,® objects to the prevalent custom of sup- 
juessing the comulsions by the use of chloroform, often for long periods 
ol time The similar itj' of the effects of cliloroform and pueipeial 
eclampsia on the Inei, and the well-established fact that pie-existing 
nijini to the Iner predisposes to delated chloiofoim necrosis, aie cer- 
tanih woightr reasons for this caution It is also quite probable that 
chloral is not altogether a safe sedatire in cases of this kind, since it is 
known to produce changes in the Irver similar to those caused bv cliloro- 
loriii Beddaid'’ suggests that rn the treatment of chloroform necrosis 
iiid more cspccialh for its prevention in cases where it is deemed neccs- 
10 use chlorofonii in spite of possible existing disease of the lirei 


. Mul 01 Bio Amtrofen nitnntoilor Genimingen and Thrombosen in dei 
inncrcr Or<rrno nadi Aether and Chloroi'onnnarkoson Munchen med 
Udin-chr 3<i07, h\ lOS 

’s TAon= J 31 Xorthwc=;t Med December 1900 

o Loddird A P A Siipcre-tion tor 'lic'xtmcnt in Delayed Cldoroionn Poi 
''-iinisr, ^^^rch 1-5 190S p 7S2 
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tlie administiation of glucose may be of value Tins suggestion is based 
on Eosenf eld’s viev* that poisoned hepatic cells can utilize caibohydiates 
well, but proteins and fats only pooily, and that consequently when the 
cells have used up their meagei store of cailiohydrate they are unable to 
utilize the proteins and fats that are available, and hence undergo stair a- 
tion and death Experiments have shorvn that feeding of dextrose to ani- 
mals lessens the amount of fatty degeneration which results from phos- 
phorus poisoning, and presumably it should have some similar effect in 
chloroform poisoning 

SUaiMAKY 

The cases of delayed cliloiofomi poisoning described in the litera- 
ture apparently tend to group themselves into trvo classes In one, 
which affects chiefly children, the symptoms are those of acidemia 
01 “acetonemia,” without jaundice, and in these cases the changes of the 
liver are not so verjf marked, consisting, according to the published dc- 
sciiptions, chiefly of fatty degenerations about the peripheiy of the hvei 
lobules The other type is observed chiefly in young adults, and clini- 
cally is marked by piofound jaundice, eholeniia, hemonhages, and the 
usual sjmptom-complex of a rapidlj’^ fatal acute yellow atiophj of the 
liver, anatomically the liver appears much as it does m acute jellov 
atiophjf, being reduced in size, flabby, j^ellow and showing micioscopica j 
an extreme degree of necrosis, beginning in the center of the lobule, vitb 
nioie 01 less peripheial fatty degeneiation Intermediate cases oecin 
that do not fall distinctly into one or the other of the tvo tjpes ^ His o- 
logic study of these cases of the second type, to vhicli the name ‘chloi o- 
foim necrosis of the liver” may be appropriately applied, shovs a stiik- 
ing constancy of stiuctuial changes, these consist of total necrosis ot all 
the Inei cells, except those at the peiiplieiy of the lobule vith autohtic 
disintegiation of the neciotic cells and fatty degeneiation of tlio^e ce s 
that aie not neciotic The capillaiies and bile vessels do not seem to be 
aflected, there is no thiombosis and no inflammation oi piolifeiatnc 
leaction Chemical anahsis coiioboiates the histologic evidence o a ) 
chamres and autohsis, tlieie being found a slightli increased amount ot 
iat and the presence of considerable quantitie= of fice amino-aci(L- 
pin ins proteose=, peptones and polipeptuE denied fioni the auto \«i- 

of the cells i 

Ihe condition in the second set of ca=es lesembles \en cloven la 

ti-pieal acute lellow atropln of the Incr, except in the gi eater tendoiic} 
to fatti changes Xeierthelo=s it seems best for the pio=ont to re=ene 
the tcim acute tellov atiopln to that form of Iner necrons and autoi%-i- 
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\\liicli occurs “idiopatliicallj /’ and which presenhs certain features differ- 
ent from chloroform necrosis, puerperal eclampsia and phosphorus poi- 
soning, and winch is possibly due to some specific cause The fact that 
chloroform seems particularly to affect livers in which fatty degeneration 
has been previously produced by some other disorder, may possibly be 
due to the known absorption of chloroform by intracellular fats, which 
m this case would increase the concentration and duration of action of 
the cliloiofoim in the degenerated liver cells Chloroform is a violent 
protoplasmic poison and, if it were to inhibit or destroy the oxidizing 
enzymes of the livei cells, the results would piesumably be quite the 
^aiiie as those characteristic of chloroform necrosis, hence it seems piob- 
alile that chloroform produces its effects by acting on the oxidizing 
en/^^me«, uithout corresponding inhibition of the aiitolytic enzjmres and 
the lipase of the cells 

Unnoisily of Chicago 
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MORPHOLOGY OP THE BLOOD IH PERTUSSIS - 

JOSEPH H BARACH, MB 
PITTSBURG, PA 

HISTORICAL 

To Prolicii^ of Breslau belongs the credit of having first called atten- 
tion to the blood in pertussis During an epidemic of this disease in the 
summer of 1897, he examined the blood in fifty-five cases, making total 
leucoe 3 de counts in all the cases and diSerential counts in fifteen In 
one case he made three counts durmg three consecutive "weeks and m 

another t"wo counts, in all the other cases the patients "were examined 
but once 

Summarizing his results, he says, in conclusion, that m this disease 
there is a constant leucoeytosis and lymphocytosis "which in individual 
cases may show high values The highest counts "were noted "when the 
number and severity of the coughing spells reached their maximum, and 
"With the disappeaiance of these the leucoeytosis disappeared He con- 
sidered, however, that the blood examination would be of no great value 
because the changes can not be shoivn eaily enough in the disease He 
also said that complications have no material effect on tlie number of 
leucoejdes In making these examinations he was careful to take the 

blood at a time of day so as to exclude the physiologic digestive leuco- 
eytosis 

With the patients making up these fift^-five cases, eight other chil- 
dren "11 ere brought to the dispensar}>" by their parents to be treated for 
M hooping-cough , these patients did not have the disease and then blood 
shoved an absence of the characteristic changes 

In 1898 Meuniei- examined the blood in thirty cases of peitiissis, 
making lOS enumerations and ten differential counts He sa 3 's that the 
leucocjdosis reaches a higher figure than in any other non-febnle aflec- 
tion of cliildren The leucoejdosis comes early — in some cases occurring 
in the catairhal stage, leaching its height tlieieafter^ diminishing ir- 
legulail}, and its complete disappearance is not realized until aftei "tlie 
cud of the vhooping peiiod The leiicocitosis is more intense among 
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2 Conipt rend ^oc de biol isos ] ]05 
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infants of 2 or 3 yeais and complications liave a model ate influence on 
the count The increase of the leucocytes, he say^s, is due to the increase 
of the lymphocytes, so that the usual blood foimula is leveised During 
the time of increasing leucoeytosis he figuies that the polynucleais aie 
doubled, the lymphocytes quadrupled, tiansitionals tiipled and the eosm- 
ophiles not affected 

De Amici and Pacchioni,^ m 1899, examined the blood in eighteen 
cases On studying their tables I find that, while in three cases they 
made moie than three examinations in each case, yet not in one instance 
did they examine the same child m the three stages of the disease They 
eliminated digestive leueocydosis To eliminate a possible mechanical 
element in the causation of this leucoeytosis they put some of the chil- 
dren under paitial ethei anesthesia so that theie would be no spasmodic 
coughing at the time that the blood ivas taken — and fiom then results 
Mere satisfied that the spasmodic coughing itself had nothing to do with 
the cause of the leucoeytosis 

Prom their studies they conclude that there is in the disease a con- 
stant leueocydosis which begins early and continues foi a long time after 
the height of the disease As a lule, in the first and second stages, there 
ivill be found more lymphocytes and in the declining stage a prevalence 
of polynucleais They also lay stiess on the diagnostic value of the blood 
examination, because these findings are distinctive and different from 
those of any of the other lespiratoiy affections vitli vhich the disease 
may be confused 

Stengel and 'Wliite,'* in 1901, examined three patients vith pertussis 
and found a leucoeytosis and lyiiiphocytosis in each of them Wan- 
stall,“ in 1903, lepoits the findings in fifteen cases of pertussis He made 
leucocyte counts m but fire of these cases and diffeiential counts in all 
In examining nineteen childien he found that the fifteen patients vith 
peitussis presented moie lymphocytes, vhile the four that pioved not to 
bare pertussis showed more polynucleais 

Cases have been reported by Cabot‘S and Steiens' in vhich veiy high 
leucocile counts have been found Huggia and Bertolotti,® m 1904-, 
tieated tventy-five patients with pertussis vith inhalations of ozone 
fiom vhich Ihev claimed highly beneficial i emits To prove that this 

1 Clni Med ISOO xwn 12 

■i i’nn renn :Mcd Bull 1^02 mv SIS 
■> Aiu Xfod laOl, r 02 
u ‘Clinical llxaniiintion of the Blood 
T I-iiKot 1002. 11 701 
S Bn dc Clin Bed rel>nnr\ lOOi 
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benefit ^^as fiom the antispasniodic action of the ozone rather than fioni 
an antitoxic oi antinncrobic action^ tliey set about to examine the blood 
in a number of these cases Their findings vere Hyperleucocj tosis 
Mitli inedoininanee of mononuclear cells These predominating cells 
they classified as laige mononucleais Their object, houevei, being the 
study of the eftect fioni the ozone, thei sa}"^ that ^‘ozone does not change 
the blood formula, and its action is antispasmodic 

It IS interesting to note heie that in three seveie cases thc}’^ perfoimed 
lumbar punctuie, and found an incieased piessuie When fioin 15 to 20 
c c of fluid lias leinored tbeie uas a maiked clinical imjnoiement, and 
the fluid contained an excess of lymphocytes 

In 1905 Giulee and Pheimstei® examined the blood in fifteen cases, 
making one leucocyte and diffeiential count each in the paioxysmal 
stage of fouiteen and one in case at the end of the catairhal stage They 
conclude that tlieie is a leucocitosis in all stages of the disease, incieas- 
ing Avith the inci easing fiequency of paroxjsms and deci easing uhen the 
paioxysms become less fiequent and sereie According to their method of 
classification, they found that in the one ease examined in tlie cataiilial 
stage the Ij mphocytosis was due to the small lymphocytes and in the 
othei cases the lymphocjtosis uas due to the laige l 3 mphoc}d;es 

In 1906 Chuichilh® lepoited on the examination of t]iiit 3 -six cases, 
making leueoc 3 te and diffeiential counts in all Out of sixteen cases m 
the eataiihal stage, fifteen of the patients showed a lymphoc 3 tosis In 
complicated cases he found a leveision of the blood foimula from the 
piominence of the l 3 mphoc 3 des to that of the pol 3 nucleais From Ins 
own woik and a complete stud}* of the litciatuie, which at that time con- 
sisted entirely of 100 cases, he says, m concluding, that fiom the catar- 
rhal stage on there is a leucoc 3 dosis and l 3 Tnpliocytosis uhich distin- 
guishes this disease fiom othei s until uhieh it may be confounded 

Consideiing all of this evidence, we may deduce tlieiefiom that in 
this disease a leucocjdosis due to the l 3 mphocytos begins in the catauhal 
stage of the disease, attains its height in the parox 3 smal stage and then 
giadually declines uith the subsidence of the clinical symptoms Com- 
plications inai 01 nia 3 not altei the u hooping-cough foniiula, the pio- 
dominating opinion is that this foimula is of lahie in the diagnosis of 
the eailier stages of the disease 

This evidence still left much to be desned to a bettei undei standing 
of the interesting blood change KeaiJ) all of the cases lepoitod hi the 
above iniestigatois weie those of patients hi ought to the outdooi clinics 

0 Arch Pcdiat X Y 1905, \.\n 505 599 
10 Jour Am Med A=sn . 1900, xhi, loOG 
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0\ei llie'^c cliilclien tlie} had no eoiitiol and most of them ivere examined 
but once The findings in the catanhal stage of the disease had to be 
compaied iiitli the findings in the paioxysmal stage of others and with 
the declining stage of still othei children The peisonal equation of each 
case -was lost and the less piomment changes were entirel}^ oveilooked 

THE AUTHOR'’S CASES 

Dill mg the epidemic of ii hooping-cough which began in Januarjq 
190< I had the oppoitunitj* of stud 3 ung the blood-pictuie in this disease 
and eiideavoied to caiiy out the work systematically and more extensive- 
h than it had been done befoie To do this I traced the piobable date at 
Mhich the patients weie fiist exposed the time iihen they fiist coughed, 
wlien thei began to iihoop and iihen the coughing amelioiated 


TABLE 1 — CoxTROL Cases 


C.i'io 


Leuco 

Pop nii- 

Li luphociH^es 

Ti ansi- 

Eosino- 

Xo 

Age 

evtes 

cleais 

Small Large 

bonals 

pliiles 

1 

iVs 

10,370 

61 0 

30 5 

45 

1 0 

3 0 

o 

2 

15,280 

73 0 

23 0 

35 

0 5 

00 

3 

2 

11 000 

82 5 

11 5 

5 5 

0 5 

00 

4 

3 

12,600 

47 5 

45 5 

55 

00 

1 5 

I 

3 

13,300 

06 0 

26 5 

4 5 

00 

25 

(> 

3 

11,160 

53 5 

40 5 

30 

00 

30 

7 

4 

10,720 

59 5 

34 5 

40 

0 5 

1 5 

8 

4 

11,300 

28 0 

55 0 

30 

10 

13 0 

0 

4 

10 600 

37 5 

58 0 

•1 0 

05 

3 0 

10 

4 

7 250 

62 0 

27 5 

5 5 

00 

5 0 

11 

4 

6 SOO 

48 6 

45 6 

3 6 

06 

1 3 

12 

4 

10 000 

54 0 

39 1 

36 

0 3 

2 G 

13 

4 

17 000 

45 1 

41 3 

1 6 

0 3 

11 6 

1 1 

4 

8 (.00 

39 6 

52 4 

2 S 

0 0 

5 2 

15 

i 

12 040 

32 5 

51 3 

4 5 

1 8 

10 0 

10 

5 

11 200 

50 0 

42 0 

5 0 

00 

3 0 

17 

5 

IS 300 

46 5 

45 5 

3 5 

00 

4 5 

1 S 

5 

11 520 

51 0 

38 0 

4 0 

0 6 

5 6 

la 

0 

0 500 

55 0 

35 5 

30 

2 5 

4 0 

20 

0 

11 000 

00 0 

29 5 

2 5 

00 

8 0 

21 

(> 

14.000 

60 0 

33 5 

4 5 

0 0 

1 5 

O T 

() 

7 000 

51 25 

39 75 

7 75 

0 25 

1 0 

2 \ 

r. 

7 200 

01 50 

32 5 

30 

00 

3 0 

25 

0 

10 700 

03 0 

31 5 

3 5 

0 5 

1 5 

2’) 

0 

0 000 

65 6 

2S 3 

1 G 

2 0 

1 G 

2u 

(l 

S 120 

01 0 

31 5 

2 5 

1 0 

4 0 

27 

7 

10 000 

00 0 

22 5 

3 5 

00 

5 0 


1 

0 000 

02 5 

20 5 

7 0 

1 0 

3 0 

2** 

1 

10 400 

71 0 

23 0 

4 0 

1 0 

1 0 


tAongi' 

10 5(i7 

55 74 

35 02 

4 00 

0 54 

3 7 


1 he ca«e5 

aie ihiis 

cla=«ificd and in almost 

each 

instance a 

t5pical 

(\( 

le can he ^ 

eon to ha\c occurred 

In this 5va5 

I ‘studied ihe Wood in 


hin and im hndinc:^ are unifoim enough to n^mre the value of 

d.o hloi)d .Minunnon m diajrMo=ic and to owahhch ihe blood-picniro for 
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The childien m -^^hich the disease occiiiied iieie of the usual whoop- 
ing-cough age, the gieatei part of them being institution childien pie- 
viousl}^ health}^ Although such childien often come fioni the louei 
walks of life and have hereditary taints and piedispositions, and being 
institution childien live m hygienic suiioiindings not so good as those 
enioyed by children in piivate homes, 3et the lesults weie in no nay 
difPeient fioni those in eases which occuiied in the families of the ineni- 
beis of the Academy, vhose children repiesent the highest giade of child 
life 

These facts assnie me be)ond doubt that the reaction of the oiganisni 
to the peitussis infection takes place in a definite vay and is assoeiatsd 
with certain specific manifestations Of these, the change in the blood 
formula is one featuie 


Age 

TABLE 

2 — A\ EKAGE 

AT DiFrEKEXT AgES 



4 

10 578 

45 26 

44 96 3 7 

0 62 

66 

5 

10,340 

49 0 

41 83 4 3 

02 

43 

6 

9,040 

59 0 

31 28 3 5 

0 84 

30 

7 

9,800 

67 3 

24 0 4 8 

00 

1 5 


For the sake of bievity I lull tabulate in detail only the fiist thiity 
oases of this senes, not picked cases, but the fiist thiity that came undei 
1113^ obseivation As may be seen (Table 4) the first twentj^-nme cases 
occuiied m childien from li/fi to 7 3nars, inclusive, and the thiitieth 
case occuiied in a lady 72 3'eais of age, the mother of a ph3'sician This 
case I will mention sepaiately For the normal controls I have made 
blood counts in healthy children of the same age, living undei exactly 
the same ciicumstances (Table 1) 

As IS veil knowm, duiing the first seven 3nars of life there is a pio- 
gressiie fall 111 the number of leucocjdes, a giadual deciease in the pio- 
portion of lymphocytes, and a simultaneous increase of the pol3muclears 
in the ciiculator3 blood Tins is distinctly seen in the table of the con- 
trol cases, exceptmg in children of the fiist tliiee 3nais of life Tins 
eiioi, I believe, is entirely due to the small numbei of cases included 
Table 3 gives the aieiage of the contiol cases at then relative ages 

THE TABULATED RESULTS 

We might compare the indmdual cases at then relative ages, but, foi 
the sake of brevity I have arianged each of these tables with sum-totals 
and aieiages and the results are distinct and ehaiaeteiistic The blood 
uas taken alua3s before meal time, so as to eliminate digestne leuco- 
cytosis 

Table 1 shous the counts in the contiol cases 

Table 2 shovs the a^erage counts of the health3 children at their 
relatne ages 
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Tabic 3 shows the counts in those eases of the senes in which the 
hist blood examination was made within the fiist week of the coiighine: 
at the clinical onset of the disease 


Cnse 

Xo 

1 

10 

11 

12 

1.1 

1 ') 

17 

20 


24 

21 

2 (. 

20 


Age 

IV2 

4 

4 

4 

4 

4 

4 

0 

0 

0 

0 

G 

G 


Aa orage 


Cn«'C 

Xo 

1 

2 

I 
1 
(• 

< 

S 
0 
10 
11 
12 
1 1 

14 

II 
1(. 
17 
is 
10 
to 
21 


2f. 

~ i 

2 ** 


Age 

liA 

2 

2 

2 

2 

3 

,1 

4 
4 
1 
4 
4 
4 
4 
1 
4 
1 
1 
(> 

(> 

(. 

(. 

<1 

(. 

ti 

(> 


1 ' • I 0 


TABLE 3 — ^At Onset 


Leuco- 

Poh ini- 

La mphocA tes 

Tiaiisi- 

EO'ino 

c\tes 

cleais 

Small 

Laige 

tionals 

plnlc^ 

30 2o0 

G5 3 

27 6 

43 

2 0 

0 3 

1L7G0 

46 0 

47 0 

5 0 

00 

2 0 

12,000 

GOO 

IS 5 

10 0 

1 0 

1 1 

17 600 

54 5 

39 0 

40 

0 0 

2 5 

28 000 

47 5 

41 0 

4 5 

3 0 

4 0 

IS 100 

49 0 

41 0 

9 0 

1 0 

00 

9,750 

35 0 

52 0 

6 0 

3 0 

40 

15,GG0 

37 3 

52 G 

5 1 

2 0 

3 0 

7 300 

47 5 

45 5 

3 0 

0 1 

3 1 

33 000 

71 0 

19 0 

40 

0 1 

5 0 

10 500 

31 5 

53 5 

7 5 

3 0 

4 1 

IGOOO 

40 0 

52 0 

3 0 

3 0 

2 0 

12 050 

43 0 

43 0 

5 0 

0 0 

9 0 

23 800 

G3 0 

31 0 

4 0 

1 0 

1 0 

17 539 

50 OG 

40 19 

5 02 

1 42 

3 02 


TABLE 4 

— At Height 




Leueo 

Poh nu- 

Lvmpliocvtes 

Tiansi 

Eosino 

c\ tes 

cleais 

Small 

Laige 

tioiials 

pl)ile« 

20,400 

49 0 

42 0 

SO 

0 5 

0 5 

40 400 

27 5 

65 5 

4 5 

0 5 

2 0 

32 250 

31 5 

05 0 

1 5 

1 5 

0 5 

14 880 

33 0 

48 5 

13 5 

10 

40 

88 300 

27 5 

G7 5 

3 25 

0 25 

1 5 

21 200 

28 0 

GOO 

5 0 

0 5 

G 5 

42 720 

24 1 

G9 0 

4 0 

0 5 

2 0 

30 GOO 

34 5 

59 5 

4 0 

1 0 

1 0 

1 5 300 

37 0 

52 5 

80 

1 0 

1 1 

10 220 

47 0 

39 0 

7 0 

1 0 

G 0 

25 300 

50 0 

44 5 

3 5 

00 

2 0 

10 SOO 

54 0 

38 0 

5 5 

1 0 

1 1 

32 210 

37 0 

59 5 

1 1 

0 0 

2 0 

14 280 

35 5 

49 0 

12 0 

0 5 

30 

20 240 

10 0 

4G 0 

2 5 

00 

1 1 

10 100 

35 0 

49 0 

5 0 

00 

11 0 

1 1 oon 

47 1 

44 0 

4 0 

1 5 

3 0 

11 810 

40 0 

41 5 

7 0 

0 1 

20 

10 800 

40 0 

47 0 

S 0 

1 0 

4 0 

4 1 710 

41 G 

54 G 

3 3 

03 

0 3 

IG 200 

41 1 

30 0 

7 5 

0 1 

— 

/ ) 

2 1 100 

38 0 

47 0 

7 0 

20 

GO 

1 1 280 

27 0 

17 0 

9 0 

0 0 

7 0 

40 2 S 0 

33 n 

G2 0 

3 0 

1 0 

1 0 

e 400 

44 0 

41 0 

9 0 

2 0 

4 0 

a TOO 

30 0 

10 0 

13 0 

2 0 

1 0 

1 1 300 

33 1 

13 1 

4 0 

1 0 

S 0 

2>» 000 

20 0 

GO 0 

7 0 

1 0 

3 0 

li It.O 

40 0 

41 0 

3 1 

1 0 

1 1 

7 flOO 

12 0 

10 0 

9 0 

1 0 

S 0 

22 112 

as OG 

11 52 

G 10 

0 78 

3 IG 
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Table 4 shows the counts at the height of the disease in the spas- 
modic stage The highest counts aie seen in those patients ■nho my 
notes shoAV to have been the sickest childien 

Table 5 shmvs the counts in those cases in which clinically the pa- 
tients show^ed a maiked improvement The aieiage time in winch the 
coughing subsided wms tw^o months and eleven daj s 


TABLE 5 — ^Marked Ijiproa'esiext 


Case 

No 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


Age 

1 % 

2 

2 

2 

2 

3 

3 

4 
4 
4 
4 
4 
4 
4 
4 

4 

5 

5 

6 
6 
6 
6 
6 
6 
6 
6 
7 
7 
7 

72 


Leueo- 

cj'tes 

5,000 

10.500 

9.200 
12,000 
20,200 
10,400 

6.200 

15.500 

7.500 
6,600 

9 400 
13,860 
11,700 
12,200 
13,300 

7,800 

14,200 

8.500 
10 000 
11 750 

8 160 

11 320 

10 200 

7 000 

8 400 

7 800 

12 000 

9 000 
15 428 

8 250 


A\ cnee 


10 451 


Polynu- 
eleai s 

44 0 

56 0 

45 0 
38 0 
40 0 

44 0 

50 0 

51 0 
42 0 
48 0 

45 5 
60 0 

47 0 
45 0 

48 3 
01 0 
42 0 
50 0 

57 5 
55 0 

49 0 
49 0 
35 0 
37 0 
48 0 
45 5 

48 5 
55 0 
77 0 
57 0 

49 5 


Lymphocytes 


nail 

Laige 

45 0 

6 0 

27 0 

10 

38 0 

110 

47 0 

45 

52 0 

5 5 

42 5 

80 

48 0 

1 0 

34 0 

55 

53 0 

20 

40 0 

40 

44 0 

20 

29 5 

5 0 

42 0 

0 5 

47 0 

40 

45 0 

26 

29 0 

60 

42 5 

60 

40 0 

5 0 

33 0 

2 5 

35 0 

CO 

40 0 

20 

38 0 

30 

49 0 

100 

44 0 

so 

38 0 

6 0 

42 5 

6 5 

38 0 

50 

40 0 

2 0 

ISO 

3 0 

27 5 

3 > 

39 61 

5 1 


Tiansi- 

Eosino 

tionals 

philes 

20 

30 

1 0 

15 0 

30 

30 

05 

10 0 

1 0 

15 

1 0 

4 5 

1 0 

00 

00 

90 

1 0 

20 

20 

GO 

25 

GO 

2 5 

30 

1 0 

35 

00 

40 

00 

40 

00 

40 

1 0 

85 

1 0 

40 

0 5 

6 5 

00 

3 5 

40 

5 0 

20 

80 

00 

60 

20 

90 

2 0 

60 

1 0 

4 5 

1 0 

7 5 

00 

3 0 

00 

20 

3 5 

8 5 

1 21 

5 35 


Table 6 shows the counts m the same children after thev had been 
m the country from June to Octobei , at the end of that time thei we 


comparatively in good health 


THE BLOOD-COUXT 

I mil now consido. the vnnous clement" in tl.e bloocl-oonnl ami tlio 
course that the} pursued The contiol will be Table *• 
r„c Lcroctes as « ir/,ole-W.tlnn a neck of the 
is n maiked leucocitosis before the change in the cli leien la ^ 
realh noticeable The leucoe\tosis steadih incicaces rcac le- i 
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in ihe spa'^raoclic change and then falls b}* 1}^^^ aieiage time in 

i\hich the lencoe^tes letuined to about then noimal number nas three 
months and fiiteen days aftei the onset 

The Pohpnicleais—Relatnel} thej seem to fall m umnbei, but ab- 
solutely they aie mci eased in a modeiate dcgiee 


TABLE 0— Eight Months Later 


Case 


Leuco- 

Polj nu- 

Lymphocytes 

Ti ansi- 

No 

Age 

ct tes 

cleais 

Small 

Laige 

tionals 

1 

L/c 

lOoGO 

54 5 

3G 5 

3 5 

0 5 

2 

2 

10 800 

41 0 

49 5 

3 0 

0 5 

4 

2 

1,3 800 

50 5 

41 5 

4 5 

1 0 

4 

2 

11, GOO 

50 0 

3G 5 

3 5 

0 5 

7 

{) 

7 

3 

3 

9 500 

57 5 

29 0 

3 5 

30 

8 

4 

S,G00 

57 0 

3G0 

2 0 

1 0 

9 

4 

G,800 

5G 0 

40 0 

3 0 

1 0 

10 

4 

8 800 

GGO 

25 0 

5 0 

2 0 

11 

4 

14 300 

57 0 

35 0 

1 5 

0 5 

12 

1 

12,200 

50 0 

40 0 

2 0 

1 0 

1 J 

1 

7 800 

5G0 

75 0 

00 

1 0 

14 

4 

10 700 

GOO 

27 0 

4 5 

1 0 

15 

1 

20 770 

55 5 

40 5 

2 5 

00 

10 

i 

0,0fi0 

G8 0 

24 0 

5 0 

2 0 

IT 

7 

G 200 

47 7 

30 7 

4 5 

00 

IS 

7 

10 000 

71 0 

21 0 

7 0 

20 

10 

G 

0 700 

40 7 

77 0 

30 

1 0 

20 

0 

8 700 

47 0 

41 0 

3 7 

0 7 

21 

G 

0 200 

70 0 

20 0 

7 0 

1 0 

22 

0 

14 700 

01 0 

21 0 

G 0 

1 0 

27 

G 

0 800 

(.7 0 

18 0 

4 0 

4 0 

24 

G 

11 GOO 

00 0 

24 0 

2 0 

1 0 

27 

2(. 

27 

0 

G 

7 

10 000 

72 0 

19 0 

7 0 

00 

2S 

7 

1 700 

70 0 

27 0 

7 0 

00 

20 

10 

7 

72 

12 100 

02 0 

72 0 

7 0 

0 0 


\\< 1 liu* 

10 177 

78 0 

72 0 

40 

1 0 


Eosino- 
philes 
5 0 
G 0 
2 5 
9 5 

7 0 

40 
00 
20 
G 0 

7 0 

8 0 
00 

1 5 
1 0 
8 5 
1 0 
0 5 
SO 
40 

11 0 
11 0 
4 0 

2 0 


0 0 
1 0 


5 0 


Tlu SiiujU Lijin pho( — Tho=c aie the most piominent elemcnls in 

iho blond ib.imro ddic'ii mticasc begins caih in ihe dnease at times I 
b('lu'\e befoie ihe child cmiirhs Fiom ihat time on tho\ contimm in- 
tiiM^inu in numbc'i and icaoh then heuilit in the spannodic sta^e Then 
i.ill 1" iziadiial b\ and tbe^ leach ilieii noimal mimbei= in about 

vl’m lud a half momb= 

I lit I <u<p L'pn]i]iociii (.<! — These iollow ncail\ ihe =ame coui=e as do 
’I'.i' -ludl \avicn 'Jhc^ ineiea^e fioin iho on=Lt icach ihen lieiaht in 
\hi ^pnnindn ‘^iigt- and deciea^e theioaftei I did not find that their 
nev'b' 1 hiuhc't in tlu* <, Iha' had the hiehe-i eiade oi =’nall cdl 
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lymphoc} tosis, noi ^ice veisa In one case a count shound IS pei cent 
This was the highest l^othmg else could he associated lutli it eithei in 
the blood-picttiie or clmicallj On caiefnll} studying these cells I find 
that then numbeis aie highest at a period which does not e\actl-\ coin- 
cide lAith that at which the small lymphocites aie most numeious it 
appears to be slightly'’ latei Tins might mean that these cells repiesent 
the final leaction of the lymphocytes oi peiliaps of the tissues fioni 
which these cells aie deiived, to the pertussis infection iniile it is Table 
4 that shows then highest numbeis, yet that is not the time ulieii the\ 
reached then greatest height These tables show only four of the aver- 
age number of eight counts that neie made in each case 

The Ti ansiUonals — The course of these cells seemed very niegulai 
They'’ were distinctly’’ less numeious during the height of the lympho- 
cydosis, and comparison uitli each of the other elements at the different 
stages of the disease reveals nothing 

The Eosinophiles — The lole played by the eosmophiles is distiuctne 
At the beginning and during the lymphocytosis they are present m 
about then noinial piopoitions Somewhere near the third month of the 
disease, at about the time of lecoveiy’’, an eosmophdia begins and 
continue for several months In Table o, uhich lepiesents the tune of 
marked improiement, out of the thirty cases, tuenty of the patients had 
an eosinoplnlia aiei aging 6 75 pei cent Of the remaining ten cases 
seven of tlie patients showed an areiage count of 8 16 per cent on the 
examination immediate^ befoie oi aftei the time of tlie e’^.ammation in 
the othei cases This leaies but thiee cases out of the thirty that at the 
tune of lecoveiy did not present an eosinoplnle count distinctly aboie the 
noimal n 

On studying the contiol table (Table 1) ’ue find that tlie appaieiith 
healthy children piesent a vanation of fiom 1 to 13 pei cent oi eo'-ino- 
philes Yet the legulaiity uitli ’nhicli the inciease of eosmophiles aboie 
then noimal aieiage piopoition occuis in the disease at the tune of le- 
co’ieiy leads me to belieie that the eosinoiihile has a pait of its oun m 
this blood cicle 

These aie the moie conuuonh’^ lecogni/ed elements of the ditTciential 
Idood count but in these examinations I hare often ^cen oihei cells that 
aic u 01 thy of mention 

Cells — These ’ueio conspicuoush noted m thiuy-eight out of 
fift\ cases and they neiei exceeded i pei cent 'J heir lelationship was 
as follow « 

To the total leucocyte count they boic no relation 
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the pohmiclcais and small mononncleais Ont ol tlinU -eight 
ca=e^, at the time ^^hen the mast cells weie noted tMCiitj-thiee showed a 
gicalei niimbei of polynncleais, the othei fifteen cases showed moie 
email h mplioci tes 

To the laigc hmphocjtes Then piesence iias noted moie fie- 
(luentl} about the time the laige hmphocctes ^^ele high 
To the tiausitionals No i elation 

To the eosinophiles No distinct lelation, but thei’ occuiied moie 
often i\hen the eosinophiles neie above the noimal 

On the iihole, ue find that they weie moie fieqnent about the time 
of lecoicn 

Jhlohaie Small Lympliocyies — These cells iieie leiy often piesent, 
duiiiig the stages of active l3onphocitosis, ivliich means dining the fiist 
tin CO 01 foul veeks of the infection 

Dcgcnciaicd Laige Lymjjliocyies — The laige ‘diasket foiins’ and 
smallei foinis iieie also fiequentl} seen duimg the active l3unphocidosis 
Miichci/icts Milh eosm and basophile gianules iieie occasionally noted 
Busophih cells, containing both basophilic and eosinophilic gianules, 
weio also noted seieial times 

Blood plaics ueie seen in veiy laige numbeis in tvo cases after ciises 
fiom pneumonia complicating the disease This is the so-called cuse 
hemoiohlasiiqne of Ha3em, mIio sacs that the occuiience of laige nuin- 
beis of plates corner 111111 the iecovei3 fioiii the disease (pneumonia) 
In iioue oi the othei cases weie the3 seen in laige numbeis, although 
thci veic nlvacs piesent 


THE ADULT C-VSE 

'riie adult ea^e winch occiiiied m a lade 72 ceais of age wa- clnntalh 
innin^takable tbhe had the disease at the same tune that hei tliiee 
iiiandchiUlieii weie haciiig it The fust count was made dining the 
■^pa^modic «tage and the following ones accoiding to given dates Theie 
wa- no hnicncMosi' in tins case but the foimula was distnicth leieised 
See Table S 

cocipLic vnox^ 


Comphcaiioii^; hace then efioct on the blood foiniula in a veic chai- 
•uuu-iu wa\ A« will be =con ('^I'ablo 7) the ic^pnaion oiuan- weie 
\onnnonl\ imohod and the tomphcaiions weie as follow = Two 
«. 1-1 - of b’oiu,h«qnKnnnonia iwo ia=cs of pleuio}mc“innoina and f>ne ia=o 
oi -Mxpwiime oiuw media 


1 ibb> * vh.n\^ ibe CiTcti on the blood fojimili in cadi nnuniK* In 

Jin 1 n -Pl, loiKOt \ iO->- WO- llUltaStd UkI thc polilUldo*!' bc- 
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came at once the prominent cells As soon as the pnenmomas subsided, 
the leucocytes fell and the lymphocytes became pi eminent, a i eversion to , 
the pertussis formula De Amici and Pacchioni,® Cabot® and ChurehilP® 
report cases complicated by pneumonia, and their findings seem at 
vaiiance 


TABLE 7 — CoiiPMCATioxs 



Leueo 

Polynu 

Lymphocytes 

Ti ansi- 

Eosino 

Date 

cytes 

eleais 

Small 

Laige 

tionals 

philes 


Case 

1 Bronchopneujionia 



Feb 9, 1907 

49,280 

33 0 

62 0 

30 

1 0 

1 0 

Feb 14, 1907 

04,000 

49 0 

41 5 

80 

05 

1 0 

Feb 25, 1907 

32,000 

39 3 

54 3 

00 

00 

03 

March 10, 1907 

13,800 

60 0 

31 0 

5 5 

1 0 

2 5 


Case 2 Brosgiiopneumonia 




Feb 5, 1907 

7,300 

47 5 

45 5 

30 

0 5 

3 5 

Feb 20, 1907 

18 250 

66 0 

21 0 

5 0 

20 

40 

Feb 28, 1907 

16 200 

45 5 

39 0 

75 

0 5 

7 5 


Case 3 

Tleuropneumonia Died 



Jan 26, 1907 

39 000 

37 0 

56 0 

45 

1 0 

1 5 

Feb 2 1907 

62,750 

53 0 

34 5 

90 

1 5 

1 5 

Feb 18, 1907 

74,000 

70 8 

22 0 

5 5 

08 

0 16 


Case 4 Pleuropneumonia 




Jan 18, 1907 

38,800 

28 7 

65 4 

4 53 

OoS 

08 

Jan 24, 1907 

53,000 

00 3 

36 0 

20 

03 

0 0 

Feb 3, 1907 

19,800 

30 0 

57 5 

110 

1 0 

0 0 


Case 5 

SuppcRATn’E Otitis Media 



Tan 26, 1907 

30,250 

05 3 

27 6 

43 

20 

0 3 

Jan 31, 1907 

19,830 

47 5 

41 5 

7 5 

2 5 

1 0 

Feb 20, 1907 

10,250 

32 0 

42 0 

18 0 

3 0 

5 0 


TABLE 8 — Adult Cases 





Leuco- 

Polynu 

Lyniphocj tes 

Tiansi- 

Bosnio 

Date 

cytes 

deal 3 

Small Large 

tioinls 

plule‘5 

!Maich 4, 1907 

7,000 

32 0 

50 0 

9 0 

1 0 

80 

March 12, 1907 

7 700 

53 0 

38 5 

5 0 

05 

S 0 

April IS, 1907 

8,250 

57 0 

27 5 

35 

35 

S 5 


A numbei of the patients in these fifty cases dining tlie paiovysinal 
stage Mere sick enough to be put to bed At these times I examined 
tlieii chests ulien I took the blood specimens and fiom those obsena- 
tions 111} belief is that so long as theie exists but a seieie bioncliilis iiiib 
peihaps small aieas of consolidation the lymiphocyte fonmila vill be le- 
tained but ^ust as ‘^oon as a distinct consolidation is inesent the formid.i 
Mill be reiersed and the polynucleais inll piedominate 

In the case of siippinatne otitis media the complication vas pic^eiit 
when the fust count was made at the onset of tlie whooping-cough after 
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Ihc eai '\\as diamed. the leucocj'te count at once fell and the celk as- 
‘■uined the chaiacteiistic foimula 

In five cases the patients gaie a histoiy of having had the disease 
liefoie They ueie patients in Cases 10, 22 , 23 and 30 Of these, the 
patient in Case 10 did not show a lyinpliocytosis , the otheis ueie typical 

su:m]m:aet 


Aftei a caicful study of these cases individually and in the aggiegate 
in uhich on an aieiage eight leucoc3'te and diffeiential counts ueie made 
in each case, at legulai intenals, the blood cycle in this disease appeals 
io occui as follou s 


Theie is at hist a leiicoej'tosis uitli mcieasc of all the foiins, then a 
‘-niaU cell hmphoc}tosis becomes conspicuous and continues to mciease 
Avlicn the oilier foims have reached then limit The laige l3miphocytes 
follou the couise of the small ones, but they leach then gieatest numbeis 
altei the small cells have leached theiis Duimg the stage of actne 
l\iuphoc3tocis, bilobed small l3'mphoc3'tes aie fiequeutl3 seen as uell as 
numcioiis degeneiated large lymphoe3i;es, especially the basket foims 
d’hcn comes the simultaneous falling of the leucocytosis and l3nnpho- 
citosis, while the pol3mucleais begin to lesume then normal piopoition 
A little latei the mast colls aie observed more frequently, and an occa- 
sional mielocAtc ma} be seen AIHiile the leucocitosis and h mphoc} tosis 
continue to fall bv I3SIS, an eosmophilia is noted this continues for a 
laiiable time altci which the blood fonniila lesumes its noimal piopoi- 
11011': jlniing this oiitiie C3cle the tiansitionals seem uiiafiected 

11 we woie to speak of the fust and second half of the blood C3cle 
in till': dwea'ie we would say that in the hist half the l3nnphoc3tes are 
the piomiiieiit f acton and in the second half the P0I3 nuclear s and the 
co'-inophdc': 

fhnualh leucocAlo'-is is piesont at about the time the child hist 
(ouirh': a': the coughing goes on the lencocrtosis incieases and the 13 m- 
\ t<i"i'- hcHoiiic': \crv niaiked A glance at the tables gues an idea of 
th(> mmihcrs The height of the leucocrtosis is 1 cached in the spasmodic 
'-1 nn ‘■nuietniie-: caih and sometimes in the latter part the sickest 
tluhluii -^hitwing the highesi grade of leucocrtosis About the tune that 
1 luiiKvd niipiOAeincnr i" noted 111 the child the lencocAtosis has de- 
'1* ’"i 1 the j'ohniKhai': ha\c inmcased rnd the eosmophilia i" piC'Cirt 
fh'^ u.^mophdia contimip? for a tariable tmio 


Luth mor. iiM d lie ^aid of the dnunet \alue of hiood examination in 


‘ b d' mi< -i-- <t" uip di':' r^e 


Witlnn ilie la=t two n'>onth= I hue 


t t 
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been able to make coiiecth foi otbei pb-^sicians thiee negative and tvo 
positive diagnoses befoie clinical signs Meie clecisne 

I ivisli to expiess ni)' thanks to Di Ewing 'SY Day, Di T J Elteiicli, 
Di P J" Eaton and Di Lawienee Litchfield foi the clinical niateiial 
that the'\ have placed at my disposal in caiijing on this investigation, 
and to Di E G Matson and Di G Conti foi then kind assistance in 
tianslatmg the oiiginal articles from vhich I liaie quoted in the fiist 
pait of this paper 
4502 Fifth Aienue 



EXPEEIMEiSTTS WITH AH ASH-FEEE DIET 

HAKRY W GOOD ALL, MD and ELLIOTT P JOSLIN, MD 

BOSTOX 

The mtiodnction of standaid test diets into clinical medicine has 
distinctly adianeed oni knowledge of hninan metabolism and fninislied 
many tisefnl data foi diagnosis, piognosis and tieatnient Sncli are the 
Ewald test bieakfast, the diet of Sclunidt and Stiassbniger for the study 
of diseases of the gastiointestinal tiact and the inoteid-fat diet emploied 
in diabetes Although these vaiious diets ueie excellent, they threw 
light on only the inoie supeificial jihenomena of metabolism, and it uas 
to be expected that othei vaiiations m the diet uould be planned which 
would penetrate into the more fundamental processes of the body It is 
to the credit of Ta 3 lor’^ that he devised such a diet m 1904 and had the 
tenieiity to live on it until unusual symptoms occiuied 

Adiniiable as uas the conception and interesting as ueie the results 
of Taylor’s expeiiirients with an ash-free diet, one of his observations and 
the iirteipietation he latei placed on it ueie so at variance uitli prevail- 
ing ideas as to attract our attention He writes ‘ On the ninth day a col- 
league noted'in the breath a strong odor of acetone Investigation there- 
on revealed in the uiine notable quantities of acetone and diacetic acid 
without jS-oxjbutjiic acid” At the session of the Association of Aineii- 
can Ph}sicians held in 1907 this observation uas cited by Tayloi as an 
argument against the generally accepted theory of acidosis of the (3-oxy- 
butyiic type, which ascribes its occurrence to the lack of oxidation of 
carbohydrates in the metabolism His criticism airpaiently was fully 
justified, because, according to his experiment, an acidosis developed in 
a healthy individual on a diet which maintained equilibiiuin and con- 
tained 200 grams ot carbohydrates which ueie known to be assimilated 

The overthrow of any theory winch has served so many useful pur- 
poses as the secondary oxidation theoi 7 proposed by Nasse and adopted 
bj’ Haunyn can hardly be considered accomplished by a single experi- 
ment It, therefore, seemed well worth while to repeat the uork, particu- 
larly because, so far as we are awaie, no further evidence has been offered 
uhiclr would confirm it The mere detection of acetone in the breath by 

■^Prom tlie Depaitments of Biologic Clieniistiy and Tlieoiy and Piaetice of 
Phjsie, Harvard Medical School 

1 Tayloi Studies on an Asli-fiee Diet, Univ of Calif Pub , Pathologj', 1904, 
1, p 71 
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the sense of smell can not he accepted as a sufficient guaiantee of its 
piesence Indeed, Folin’s recent observations- make it probable that the 
so-called ^^acetone bieatli” has nothing to do with acetone The actual 
quantit)^ of acetone in the mine is not given by Taylor, but at the most 
the acidosis must have been slight, because the ammonia-nitrogen nitio- 
gen latio reached but 9 5 per cent Convincing pi oof that acidosis of the 
acetone t 5 'pe was due to the withdiaual of salt might have been affoided 
if an acidosis thus produced had disappeared on the addition of salt to 
the diet without other change in the jilan of the evpeninent 

Our experiments followed exactl}^ the methods suggested b) Dr Ta'^ - 
loi Two healthy medical students. Mi Sauyei and kli Smith, con- 
sented to act as subjects ® 

The daily diet consisted of the uliites oi IS eggs, 120 gm olive oil, 
and 200 gm of ciystallized sugai The albumin was prepared in the 
folloiving manner Eighteen hundred cc distilled uatei (100 c c to 
the white of each egg) were heated in a double boilei up to 56 degrees C 
The whites of the eggs, previously broken up with a glass rod until 
homogenous, were then poured in, and at first stirred biiskh, but latei 
more slowly until the tempeiatuie reached 100 degrees C Tvehe cc 
of acetic acid, diluted by one-fifth, ueie added and the clear fluid de- 
canted off from the precipitated albumin The precipitate uas thoi- 
oughly mixed u itli 1,000 c c distilled water, heated nearly to the boiling 
point and again decanted, this pioceduie being repeated three times 
The albumin uas then transferred to a large Buchner filter and again 
washed three or foui times with hot distilled vatei The final filtrate 
uas iieaily fiee from chloiin The sugar uas gnen in the form of lock 
eandv, of 11111011 the ash uas non-weigliable The olne oil vas washed 
half a dozen times in a large sepaiating funnel with distilled vatei 
Distilled uater alone uas drunk and in measured quantities 

Bone-black uas used in the demarcation of the stools and vas taken 
■with the last regulai meal, vhicli -was t'wche hours before the commence- 
ment of the expenment. and again on its completion just before a return 
to an ordinary diet 

The fiist expermient vas begun Km 29, 1907, and continued for thu- 
teen dais ^Ei Sauiers obsenations dming this peiiod are gnen m his 
oil n 11 01 ds Ue wi ites 

2 rolu), Otto ChcnucTi Problem's in Ilo'sjiitnl Pinttite, Jour Am Mcfl 
Asssn laOS 1 p nai 

a Mr aiul Mr Smith Incd at the New rn"l‘'ml Deaconc'ss Ifo^pitnl 

durmfi the cour'se of the cvpenment, and to tint ni-titution \\i are much m 
dchted for the main courtesiess i%o rccened 
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The albumin uas the most disagieeable pait of the diet I used a syiup with 
this so as to give it a taste and in this waj' it uas inoie easily swallowed, but 
to the end this pioied to be the most iiksoiiie pait of the experiment Duiing 
the time of the dieting I uoiked between seieii and eight boms at the school, 
at least half of winch time I was standing I spent about two boms of each of 
the tvo Sundajs that inteiiened in walking I slept longei than I usually do, 
aveiaging about nine and one half houis in the doj' Theie ucie tuo nights, 
honevei, duiing which I lost about thiee boms on account of indigestion With 
the loss in u eight theie uas also loss in stiength, and I found mjself moie 
easily winded and more easily tiied On some of the eioiungs of the moie stienu- 
ous dajs I nas quite exhausted On two occasions I bad a slight fainting at- 
tack Three eieiiings before the termination of the experiment I had some 
symptoms of indigestion, namelj, the disticss from abdominal distension, hic- 
cough and some belching of gas My appetite tliiougliout uas good, at times 
ravenous, but not foi the ash-fiee diet to uhich I nciei looked foiwaid What 
discomfort there was to the experiment did not. piogiess fiom first to last Some 
of the days eailiei in the expeiimeiit neie more tiling than the last 

The cliaphoiesis which Di Tailoi obseivecl thioiighoui was noted 
iieithei by Mi Saii^ei noi obseivecl bi ns Mi Sawyei s syinpioms weie 
not piogiessive in chaiactei, and m this lespect he difloied both fioni Di 
Tajdoi and Mi Smith The daily quantity oC chloiin m the mine 
steadily deci eased, and on the tenth day leached 0 22 gra , but as the 
bieatli and mine gave no evidence of the piesence of acetone oi diacetic 
acid the expeiiment was continued On the eleienth day the chloim 
lemamed the same, but on the twelfth day it fell to 0 17 gm , oi 0 02 gm 
less than the lowest limit leached by Tayloi Tests foi acetone and diacetic 
acid still being negative, the diet was continued foi anothei twent 3 ^-fom 
horns The chloiin on this, the tliiiteenth, day was the same as on the 
twelfth but acetone and diacetic acid still failed to appear, and the 
expel iment was, theiefoie, discontinued On tuo subsequent da\s, 
namely the second and foiiith, the mine was again collected 

The reaction of the mine was acid thioiighoiit, and daily tcbts failed 
to leveal the piesence of albumin, sugai oi, as already recoided, acetone 
01 diacetic acid Le hlobel’s test was used foi the determination of ace- 
tone, and Geihaidt’s feinc chloiid test for the diacetic acid With few 
exceptions these weie perfoimed in the piesence of Di Folin The 
coloi of the mine was unifoimly noimal foi the fiist nine days, but 
became slightly high on the tenth and eleventh and distinctly high on 
the twelfth and thirteenth Indican was present in variable quantities 
as shovTi qiialitativelj'’, giadually deci easing fiom the first to the sixth 
day, and then giadually increasing up to the end of the experiment 
The iiiinai}'' sediment gave no evidence of disease of the kidneys Tables 
1, 2 and 3 give the analytical details The nitrogen was estimated b} 
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tlie Kjeldalil method, and the ammonia cieatinm, sulphates and total 
siilphnr by the Folin method * 

The -vreight of the dried feces -was 121 68 gm, oi about 9 0 gm pei 
day This is two oi three times the weight ot the feces of a staivmg 
individual The total quantity of fat in the feces amounted to 53 2 gm , 
and as the total fat in the diet ivas 1,560 gm the total qiiantiti of fat 
absoibed uas 96 6 pei cent The total nitiogen in the feces iias 6 05 gm 
If the total nitiogen in the diet foi the thiiteen days is estimated at 
(11 5 X 13 =) 150 gm, the percentage of nitiogenous food absoibed 
Mas 96 

The excellent absoiption of the piotein and fat is stiikmg and de- 
seives emphasis It is a most useful point to beai in mind in the tieat- 
ment of patients So much has been attiibuted to the psychic phenomena 
of digestion that it is m ell occasionally to have proof that an uninviting 
and positively distasteful diet, mIhcIi does not an alien the least suspicion 
of an appetite, may be thoroughly assimilated 

It IS evident fiom the table that Mr SaM" 3 'ei Mas in nitiogenous 
equilibrium, because the total nitiogen loi the thiiteen days Mas iieaily 
constant, vai’ 3 ing from a maximum of 10 7 gr to a nnniiiiiun of 1218 
gi , the daily aveiage being 11 5 gm 

The chloiin is the centei of inteiest because this inoigaiiic salt com- 
puses such a large peicentage of the inorganic salts in the mine, and 
tuithei because of the impoitance mIiicIi lecent moiIc has assigned to it 
in metabolism Its gradual diminution duiing the tlnitcen dais is 
inatlieinatical pioof ot the accuracy of tlie expeiiinent Tlie amount ot 
chloiin excieted, 12 91 gm , coiiesponds to the hgiues mIucIi veie ob- 
tained m the expel inients on Cetti and Bieithaupt and tlio=e of Belli 
and IVundt In the tiist two da^s moie salt Mas excieted than in the 
lemainmg eleien dajs, a striking pioof of the tenacity Mith mIiicIi the 
body letains its chloiin For the last five of the thii-tecn dais of the 
expeiiment the e\ciction Mas piactically constant at 0 2 gm The data 
show well the limitations of the withdrawal of salt and again fuinisli 
pioof that only about 15 pei cent of the total cliloiin in the bodr can lie 
lemoied On the conclusion of the expeiiment IMi Sauiei lotnmcd to 
his oulinaiy diet eating liouevei Mitli model ation Tmo dais latci 
the total quantity of ehlorin excieted Mas only 3 5 gm despite the fact 
that he liad used latlier moie salt than nas cU'-tonian hut aftei foiii 
dais of the Oldman diet the ehJonn amounted to 21 7G gi and the 
quantiti of urine reached a total of f.090 cc For tins gieai imie.i-e 


4 Folin Jour Biol Clicm I'lOG, i, IJI 
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m tlie excietion of salt and A^ate^ vre have no explanation, and speculation 
IS nnpiofitahle because of the nnknovn chaiactei of the ingesta In the 
next expel iinent ve attempted to follov this point inoie closeh^ 

The weight can be bi ought into connection with the chloiin because 
the two vaiied togetliei Savwei lost 2 8 kg dining the hist thiee da}s 
of the expeiiment, but m the lemaming ten dais only 2 5 kg Ta^^loi 
lepoits a loss of 1 5 kg “cliiiing the peiiod ” Piobably this statement 
lefeis to the change in i\ eight fiom his thud to ninth day Quite as 
stiikmg as the loss of ii eight dining the expeiiment iias the gam of 4 1 
kg in the fiist sevent 3 ''-two horns following its completion "Wlieieas the 
addition of salt to the diet of a healthy peison has little effect due to its 
leady elimination, the iMthdiaval of salt fiom the diet is of moie sig- 
nificance, because along with it goes a loiieiing of bod} weight by ic- 
moval of watei This fact iniist alwais be boine in mind m any expeii- 
ment in which weight is a f aetoi 

The loss of 10 pei cent of body iiatei is said to piodiice a moiibimd 
condition m thiistmg animals, but the conditions of oiii expeiiment 
weie diffeient in that the loss of natei vas coincident iiith the loss of 
salt, and so in a way physiologic 

The intake of vatei was neaily constant, dmiiuishing slightly as the 
expeiiment piogiessed The possibilit} that this diminution m the 
supply of fluid vas concerned m the loss of v eight vas excluded in the 
second expeiiment by keeping the intake of vatei at a constant level of 
2,000 c c Less fluid was voided than watei diunk, coiiesponding to the 
well-lmown fact that a consideiable peicentage of the vatei cxeieted 
passes out by the lungs and skin Thiist vas not a S}niptom in tlie 
expeiiment, and, indeed, would appeal to vaiy with diffeient individuals 
Thus Taylor (v eight 80 kg) desiied ovci tvo liteis of vatei daily, 
Sav}ei (m eight 70 kg) vas comfoitable vith 1,300 ce, and Smith 
(v eight 55 kg ) found only a little less than tvo liteis sufficient 'No 
constant i elation can be diaiin between the intake of vatei and the 
excietion of mine in this expeiiment 

A steady diminution in the excietion of phosiihoiic acid took jilace, 
but this vas not as niaiked as was the deciease in chloim Oui values 
foi phosphoiic acid aie calculated as PoO-, vhile Ta 3 loi’s aie estimated 
in teims of PO 4 The actual quantity of phosphoius excreted, there- 
fore, was a trifle lovei m Sav'jm’s case than in Tailor’s exjieriment 

T-he quaiititi of aiirinonia vas fairly constant from beginning to end, 
vaijiiig flour 0 94 gin on the first day to 1 26 gm on the tenth The 
aiirmonia-nitiogen iiitiogeii ratio was nearly rrnifoi*in thiouglrout In 
peicentage as ivell as in absolute quantit}^ it was, however, slightly higher 
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than the results leeoided by Folm ® This is readily accounted foi by the 
fact that in oiii experiment the alkalin salts of the egg irhites have been 
lemoved 

The cieatinin vas the most constant factor of all, the loivest quantity 
being 1 47 gm and the gieatest 1 6 gm The peicentage of creatinm- 
nitrogen to the total nitiogeu vaiied fiom 4 6 to 5 4 This peicentage is 
gi eater than Polin found to be the ease ivitli his noimal diets, but less 
than that of healthy individuals on his creaiii-staich diet This vaiiation 
in percentage is accounted foi by the total protein of the ash-free diet 
being considerabl}'^ loivei than that of the standard diet and greatei than 
that of the cream-staich diet The total quantity of creatmin, however, 
was praeticallj' the same, thus Folin found the aveiage foi thiity noiinal 
urines to be 1 55 gm cieatinin, and the average in Sauyei’s case uas 
1 54 gm This is identical with the calculated value foi cieatmin foi 
an individual of Saucer’s weight, namely 154 gm {22 nig cieatinin 
pel 70 kg body weight), a furthei illustiation of its dependence on bod} 
protein rather than on the piotein of the food 



TABLE 

1 — INTAKE or 

Water, 

Urinary Anaetsis, 

, Weight 


Day 

H,0 

Uiine 

Sp 

KO. 

Cl 

Weight 

« 

c c 

e c 

Gi 

gm 

gm 

kg 

1 

1470 

1720 

1012 

1 29 

4 00 

70 2 

2 

1550 

1810 

1010 

1 29 

2 52 


3 

1560 

1430 

1012 

1 28 

188 


4 

1290 

930 

1017 

1 20 

0 87 

07 4 

3 

1290 

1100 

1013 

1 43 

0 09 


G 

1545 

1170 

1012 

1 04 

0 48 

GO 6 

7 

1200 

b50 

1015 

1 13 

0 40 


S 

1125 

1000 

1013 

0 78 

0 40 

GO 1 

0 

1290 

1100 

1011 

0 93 

0 2G 


10 

1200 

800 

1013 

0 89 

0 22 


11 

1260 

050 

1018 

0 70 

0 22 


12 

1213 

310 

1023 

0 79 

0 17 

03 1 

13 

1170 

300 

1023 

0 80 

017 

04 9 

14 







13 


940 

1029 


3 30 


10 






09 0 

17 


4090 

1017 


25 70 



The line acid nitrogen uas also piacticall} constant but the peicent- 
age «as ronsideiaWi louei than found bi ITolin m Ins noinial iH/nc= 
Tins is in confoimiti uitli liis idea that the actual amount of line acid 
dimiiiwho^ along uith tlie diminution of the total mitogen c\cn ap.nt 
fiom the punn nitiogen of the food 

> 1 olin Otto -\pfiroMfnatol\ Coniplott \Hiih=C' of Tlnrt\ “Xornnl' Lrint-. 
Am Jour Pln-iol I'lOl mu 41 Oo\ornii)/ tlio CJiPiiijcil Cotnjio-if ion of 

I'rine Am .Tour PIu'^iol P'O'), mu OG 
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The uiea lepresents the chief vaiiable in mtiogenoiis metabolism 
It was low in this expeiiment, due undoubtedly to the constancy of the 
excietion of cieatmin and the diminution in total nitiogen Our values 
foi the undeteimmed nitiogen coiiespond to those usually found 


TABLE 2 — Nitrogex jMetabolism in Experiment on Sav'veb 
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1 

ci 
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H 

k 

CJ 

p 

g 
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43 

cd 
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6 

<L> 

t5 
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I 

Ct 

o 

;5 

£ 

£ 
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7; 

C. 

O 

o 

p 

O CJ 
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gm 

gm 

gm 

gm 

gm 

gm 

PC 

PC 

PC 

PC 

P c 


20 7 

0 94 

1 GO 

OIS 




5 0 


36 

1 

11 49 

9 06 

0 78 

0 58 

0 06 

0 41 

841 

6 8 

0 5 



IS 

1 02 

1 '<7 

016 





05 


2 

10 27 

8 39 

0 85 

0 55 

0 55 

0 43 

81 7 

8 3 

54 

4 1 



20 6 

1 04 

1 5S 

0 20 




50 

05 


3 

11 67 

9 62 

0 87 

0 59 

0 06 

0 53 

82 5 

75 

4 5 



ISS 

1 12 

1 51 

0 22 





07 

3 9 

4 

10 73 

8 75 

0 93 

0 56 

0 07 

0 42 

81 5 

87 

52 



ISO 

1 13 

1 56 

0 22 





06 


5 

10 86 

8 81 

0 94 

0 58 

0 07 

0 46 

81 1 

87 

54 

4 3 



10] 

1 17 

1 53 

0 21 






50 

G 

10 91 

8 74 

0 97 

0 57 

0 07 

0 56 

801 

89 

5 3 

07 



10 i 

1 15 

154 

010 





06 


7 

10 72 

8 84 

0 96 

0 57 

0 06 

0 29 

82 5 

90 

5 3 

2 7 



22 7 

1 24 

1 50 

0 21 







8 

12 18 

10 02 

1 03 

0 56 

0 07 

0 50 

82 0 

85 

46 

06 

43 



21 2 

1 24 

1 50 

0 22 







9 

11 86 

9 65 

1 03 

0 59 

0 07 

0 52 

81 4 

8 7 

50 

05 

44 



20 7 

1 26 

1 51 

0 20 







10 

11 54 

9 23 

1 05 

0 56 

0 06 

0 64 

80 0 

9 1 

48 

05 

5 6 



17 0 

1 15 

1 55 

019 







11 

10 07 

8 10 

0 90 

0 58 

0 06 

0 31 

81 0 

96 

58 

06 

30 



ISS 

1 24 

1 51 

6 16 







12 

10 99 

8 77 

1 03 

0 56 

0 05 

0 58 

79 8 

9 3 

5 0 

05 

54 



20 9 

1 21 

1 51 

016 







13 

11 69 

9 37 

1 01 

0 50 

0 05 

0 70 

SO 4 

86 

48 

04 

58 


The total sulphui in the uime was only about one-third that ex- 
cieted by individuals living on the stardard normal diet This must be 
boine m mind in the intei pi elation of the results obtained for inoiganic 
and ethereal sulphates and neutral sulphur The ethereal sulphates 
diminished in the same piopoition as the total sulphur with the result 
that the percentage of ethereal sulphates remains the same as that ob- 
tained for the health! man on the stardard normal diet The actual 
quantit}" of neutral sulphui, however, did not decrease but stayed piacti- 
cally imchanged As a result the percentage of neutral sulphur in the 
iiime lose fiom the usual average of 5 to an average of 15 3 Neutral 
sulphui thus behaves in a similar manner to creatimn Our results ap- 
pioximate those obtained bv Polin in his experiments with the low pro- 
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tein 01 staicli and cieani diet The inoiganic sulphates aie heic the 
vaiiable which offsets the increased percentage of neutial sulphui 

Oiii first expeiiment thus failed to confiim Tayloi’s ohseivation on 
the influence of a salt-fiee diet on the pioduetion of acetone Tlie ques- 
tion thus stood simply one experiment against another and it seemed 
wise to 2161 form a third under slightly diffeient conditions to eliiniiiate 
the personal equation The subject, Mi Smith, weighed much less than 
either Di Tajdor oi Mr Sau'jm, namely, 55 leg The expeiiment uas 
begun on February 15 and ended Febiuaiy 26, but for foiu dais pic- 
vioiis to it Ml Smith lived on a diet pool in salt means of this jne- 
liminaiy and partially salt-free jieiiod seveial dais iieie saved and ivc 
weie enabled to study the effect of the addition of salt in the lattei pait 
of the expeiiment without too great prolongation of the same ddie plan 
was successful, for on the fiist day the chloiin in the mine iias found 
to have fallen to 1 43 gm The details of the expeiiment iieie the same 
as above reported Mi Smith found the diet quite as unpalatable as did 
Ml Sawj’ei On the second day he lecoids in biS notes ^‘Telt noil 
except foi slight nausea aftei meals” The nausea jieisisted, but on the 
fifth day was less and did not return until the nmtli clay Tlatulency 
uas noted on the thud day with cianqi-like j^ams and heaviness in the 
ejDigastiium, and on several of tlie dajs the stool uas loose Some lo's 
ot eneigy uas manifest on this and the subsequent dajs, but it had dis- 
apjieaied bj’’ the seienth, uhen the record states, “ISTo nausea, felt veil, 
and on the eighth, nausea, appetite good ^ The ninth daj of tlie 
experiment uas a tiqing twentj’^-foui liouis “considerable nausea all claj, 
had great difficulty in eating my meals on account of the nausea and 
sense of fulness Felt ueak and in low siniits, some abdominal clisticas,” 
but the sjmptoms iinpioved the follouing morning (tenth dai) , ‘parsed 
a good night and felt much better, nausea, houevei, uas maikod all 
thiough the foienoon ’ Tuelve gm salt ueie now added to the daih 
diet and the following change in the lecoid is inteiesting “At lunch 
took salt loi fiist time with great lelish All nausea and epigastiic dis- 
tiess disappoaied aftei lunch, in evening felt icn dceided incieaso in 
‘^(length and eneigi Eleventh da> “iSTo nausea oi dictie^s of an} 
kind gieat inijnoiement in tone, plnsical and mental ’ It is onh tan 
to state that Mi Smith was awaie that within thicc dais fiom the com- 
lueiiceinent of Ins taking salt the expenment would definitoh end, wlicie- 
as up to this point the dmation of tlic expeiiment was mdefimto He 
him=olf felt that “liope lomi deferied maketh tlie heait sick ’ and wa= 
not positne that the impioiement m his feelings was wholh due to the 
salt 
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TliG 1111116 was examiiied for tliG first ten days daity foi albiiiiiin, 
sugai, acetone and diacetic acid, but all of these substances weie absent 
The coloi lemained noimal thioughout The examination of the iiiman 
sediment levealed no abnoinial elements Table 4 contains the lesult of 
the analyses 

Consideiable difficulty was expeiienced in diymg the feces They 
weie, theiefore, fiist extiaeted uith petioleuni ethei, and this extiact 
made up to 1,000 e c The fat and nitiogen weie then detei mined m 
each separately and the lesults combined Before extiaction the u eight 
of the feces was 113 gni , aftei gioss extiaction. 51 62 gm diied to con- 
stant weight The total quantity of fat extiaeted fiom the feces mqs 
80 30 gm , and, as the amount of fat ingested dining the nine dais Ha's 


TABLE 3 — SuLPiiru INIetabolisw ix Expemmext ox Sxiwer 
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1 
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0 03 

0 70 

0 20 

74 0 

52 

79 2 

20 8 

2 

0 97 

0 76 

0 00 

0 82 

015 

78 3 

62 

84 3 

15 5 

3 

0 99 

0 79 

0 06 

0 85 

0 14 

79 S 

6 1 

85 9 

14 1 

4 

0 9S 

0 82 

0 06 

0 88 

0 10 

83 6 

6 1 

89 7 

10 3 

3 

1 04 

0 81 

0 08 

0 89 

015 

77 9 

77 

85 6 

14 4 

G 

109 

0 80 

0 07 

0 93 

010 

78 9 

64 

85 3 

14 7 

7 

1 00 

0 83 

0 07 

0 90 

OIG 

78 3 

6 6 

84 9 

15 1 

8 

1 17 

0 90 

0 10 

1 00 

0 17 

76 0 

86 

85 5 

15 5 

0 

1 15 

0 90 

0 05 

0 95 

0 20 

78 3 

4 3 

82 G 

17 4 

10 

1 12 

0 88 

0 08 

0 90 

016 

78 G 

7 1 

85 7 

14 3 

11 

1 01 

0 80 

0 05 

0 85 

0 16 

79 2 

5 0 

84 2 

15 8 

12 

1 08 

0 85 

0 07 

0 92 

0 10 

78 7 

6 5 

85 2 

14 8 

13 

1 10 

0 86 

0 07 

0 93 

0 17 

78 2 

6 3 

84 5 

15 5 


1 080 gm the quantity of fat absoibed iras 92 pei cent The mtiogen 
in the diied feces amounted to 2 992 gm If the mtiogen in the diet is 
leckoned as 103 5 gm, the absoiption of mtiogen was 97 pei cent 

It lias intended to allow but 1,500 cc of watei dad], but thiist be- 
came so tioublesome that this quantity was inci eased on the fiist day and 
peiniauently changed to 2,000 c c fiom the fifth day on It is inteiest- 
iiig to note that the quantity of urine was only slightly greatei than in 
the experiment iiith Saii}ei oi m Taylods expeiiment The aveiage 
daili quantity of uime m Tailor’s experiment iias 1,172 cc, in Saii- 
1 ei s 1,240 c c , and in Smith’s 1,445 c c 

The chloim was but 1 43 gm on the fiist da}", due, as has been said, 
to the paitial salt-fiee diet foi the pievious four da 3 s It then deci eased 
nitli slight laiiations until on the ninth day the total quantity of chloiin 
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was 0 17 gm, the limit reached m the expeiiment -with SaA^ 5 el, and 0 3 
gin lowei than that attained by Tayloi sign of acetone or diacetic 
acid appealing, 12 gm of salt (7 11 gm chloiin) neie added to the diet 
It will be seen that nearly the whole of this quantity was letamed in tlie 
bodj^, for on the following day only 1 6 gm neie eliminated, and esen on 
the next day only 2 26 gm chlorin, but during the thud day of tlie ad- 
ministration of salt the cldoiin excreted showed a decided inciease, and 
piesnmahly an equilibrium was soon obtained hTeither on those thice 
noi duiing the following da)^s was a polyuiia, as in Sawyei’s case, ob- 
served Thirt 3 -one per cent, or 12 83 gm ehlorin, nas letamed in tliese 
thiee days 


TABLE 4 — IxTAKE OF Water, Weight, Uriaary Aaaltsis in EwERniEAT 

ON Smith 
Ammo 
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IDO 
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Cl 
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c e 

c c 

gm 

gm 

PC 

gm 
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1 

1820 

1810 

10 9 

58 

44 

2 08 

1009 

1 43 
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1500 

1400 

11 1 

61 

4 5 

1 09 

1009 

1 11 

54 3 

3 

1500 

1190 

98 

64 

54 

85 

1010 

05 

541 

4 

1500 

1340 

97 

80 

6 6 

85 

1008 

40 

53 6 

5 

2000 

1250 

84 

75 

73 

81 

1008 

4G 

53 3 

(5 

2000 

1730 

10 4 

98 

82 

89 

1007 

03 

531 

7 

2000 

1300 

9 8 

94 

7 9 

SO 

1008 

25 

511 

8 

2000 

1540 

99 

94 

79 

74 

1007 

28 

52 7 

9 

2000 

1400 

99 

96 

7 9 

72 

1009 

17 

52 1 
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10 

2000 

070 

10 1 

1 08 

88 

42 

1018 

1 06 

53 2 

U 

2000 

510 

90 

121 

103 

50 

1026 

2 20 

54 2 

12 

2000 

980 

11 2 

1 32 

97 

88 

lOlS 

4 04 

54 0 


^Weight at commencement of experiment, other ■weights aic those obtained it 
close of each subsequent tnenty-four hours 


Tlie loss of Height nas less than in Sawyei s ca=e The icason is cm- 
dent, because m the few daj^s preceding the oxpoiiment the salt in the 
diet had been lestiicted, and during this peuod the ueiglit fell about 1 
kg On the morning of the tenth dav the Height vas 52 4 kg Coinci- 
dent Hith the administration of salt this rose in the folloving seicnit- 
tno hoins 2 2 kg Concsponding to this inciease in Height nas a lelen- 
tion of Hatci In the body nhich is at once manifest b3 the dnniniition in 
the 111 me dm mg tins peuod 

The aieiage quantiti of nitrogen eliminated in the mine pci da'^ m 
TaAloi's expeiiment nas 10 04 gm , in Samei ■=: 11 2 gm , and m Snntli « 
cxpeinnent 0 09 gm The closeness of the tliioc results is of con^idei- 
<ihle mtoio«t bccau^o of the difference of Height of the fhice mdnidn.ih, 
Di Tailoi Hcigbimr SO kg, Mr .Saiwci 00 kir and l\ri .Smith K,’- 
The ease of the establishment of nitrogenoii.. eqmlibnum on tin -imie 
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diet foi tliese diffeient iveiglits is, of couise^ well known, Init ever sti ik- 
ing Tlie absoiption of protein m Smith’s case, as m Saw 3 er’s, was 
excellent The addition of salt to the diet incieased the elimination of 
nitiogen m the mine, despite its smaller lolnnie, 3 pei cent , but this 
is a qnant% too small to be of significance This obsei ration coi responds 
to the more lecent news on the action of salt on nitrogenous metabolism 


TABLE 5 — Mut-ujolisj! ix Expeuimext ox Diabetic Patiext 

IJi me 
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1 9 

63 

44 


—19 

1 53 

22 
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23 

54 
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8 
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62 
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0 

69 
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The absolute amount of ammonia rose slightly as the experiment ad- 
lanced, but foi tins we have alieaclv given a partial explanation On the 
twelfth dav of the experiment (following the addition of 12 gin of salt 
to the diet for three successive dai s) the amount of ammonia was greater 
tlian the quantirt of ammonia obtained by Tax lor on the last day of bis 
experiment Any lingeiing doubt as to the slight inciease in ammonia 
olitained by Taylor on the last day^ of his expeiiment being dependent 
on the diminution of ehlorin in the diet xvas thus dispelled 

T^liile we weie engaged in this work a patient with diabetes came 
under oiii observation, whose diet by chance contained an extiemety 
small amount of salt The case presented at first a mild foi in of diabetes 
with diffuse nepluitis, but during a febrile attack the positive caibo- 
hxdiate balance of 60 gm changed to a minus caibohxdiate balance of 
the most mtense t3pe On the thiiteenth day of observation the quantity 
of sugar in the mine xvas 157 gm , wdiile the diet contained onty 75 gm 
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caiboliydiates^ tln\s gnmg a minus caibolii drate balance of S 8 gm This 
IS about tlie maximum quantity of caiboliydiates ulucli could be f mined 
out of the pioteiii metabolized on this daj^ uhich u^as 25 gm nitiogen 
(X 614 ) 156 gm Fiom this quantity of albumin it is customaij to 
consider that (156 x 60) 94 gm caiboh}drate can be foimed Despite 
the seieiity of the case, the acidosis uas onh modeiate, and on this dai' 
there u as hut 1 4 gm ammonia ^ 

It IS tine that 16 gm of sodium bicaibonate irere administeied in 
the tuenti-foui horns, but as is uell Icnoirn, such a quantity mil loner 
the ammonia only about 20 per cent On the eleventh day of obseivation 
the clilonn m the uiiiie uas 2 gm , on the tifteentli day, 1 03 gm on the 
seventeenth dar, 0 38 gm, and on tlie eighteenth day, 0 39 gm On tlie 
following dar it began to use as the low chloiin nas discovered and salt 
vas added to the diet The observations made on this patient do not 
farm! the view that a small quantity of salt in the diet of a diabetic 
patient inci eases the tendency to acidosis because tbe general condition 
of the patient uas bettei on the days mth low chloiin excretion than m 
eithei the piecedmg 01 follomng periods, and the actual acidosis as meas- 
ured b}’’ the excretion of ammonia uas not notablj affected We uorild 
not attach too much significance, liouerei, to tins obsenation, because 
the excretion of chloiin mar be vaiiable men in the presence of a mild 
nephritis The data ot the case are recorded in Table 5 It is of interest 
that on the sixtr -second dar there uas again a iiositne caibolndrate bal- 
ance of 69 gm 

COXCLUSIOKS 

The results of oui experiments on tuo indniduals placed on an ash- 
liee diet foi iieiiods of thirteen and nine dais, lespectueh, shov no 
marked changes rn nictahohsin Tliej' sirnpl}" reirresent the mtlidiaual 
ot accessor r salts from the bodr They coufiini the vimis of earlier 
miteis, that it i‘- piacticalh impossible to dmiimsli the chlonn of the 
bod\ hr more than 10 to 14 irer cent and that the loss of vatci is pio- 
poilionate to this Xo leniaikable sjinptoius appeared and tho«e that 

{> SutU r -c\oic tiisc of (Ii ificfes with <^o an arulo-is suggests n pm 

cicific origin described bi Biiigseh (Theinp d Gegenv , 1000, p 337) and 
liii'Clifeld (Beil kliii IVcliiisebi 1003 \hi 1000) Xo siippoit for tins opinion 

fuuiislied b' the jiiiiJi:?i<! of the feces which w is iiinde foi me b\ B 

Talbot Tot'll iccc', dOO gm toti] diied feces 20 778 pm Pcrcciilngo nitrogen, 

4 2 pci cord neiitial fit 10 pei cent fatii icid, 3 0 per cent , soip, 5 2 pir 
cent , totil fit 11 per cent lotil iiitiogen m fete- 0 871 gin Total fit iii 
feces 2 283 gm 
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occiiiied ^^ele latliei less than -v^onlcl he expected fiom such a diet, even 
though it contained a iioimal quantity of salts "We do not feel that 
they aifoid a basis foi any fai-ieaching deductions as to changes in 
inetabolisin^ and they ceitainly gne no suppoit to the vieu that the iiith- 
diaiial of salts fioin the diet mil cause an acidosis of the acetone \ alien 
Clinical obsenations on the effect of the diminution of salt in a seveie 
case of diabetes aie in haimony mtli oui expeinnents 
71 !Mailboiougl\ Stieet — 81 Bn's State Roail 



THE INHIBITION OE PANCREATIC ACTIVITY BY EX- 
TRACTS OE SUPRARENAL AND PITUITARY BODIES ' 
RALPH PEMBERTON, MD 

AND 

J EDWIN SWEET, MD 

PHILADELPHIA 

In a lecent publication^ iie bad the piivilege of consideiing at some 
length the question of the activation of the pancreas by secietin, vitb 
especial leference to malnutrition and diabetes 

In it we pointed out, among other things, that m some animals, 
especially those which are cainivoioiis and are not provided ivitli grind- 
ing molar teeth, in vliicli animals there must, therefoie, be eitliei a laige 
amount of acid gastric secretion or a high degree of acidity vithin the 
stomach, there was evidence that pro-secietm is present in the intestines 
in quantities larger than aie found in human beings We also i cached tlie 
conclusion that the evidence to date for the absence oi deficiency of pio- 
seeietin as the cause of some cases of diabetes and malniitiition vas 
insufficient 

These veie oiii mam findings as fai as the piesent communication 
IS concerned, but the experience gained in these connections led us to o\- 
peimient fiiithei The question of the lelation of the pancieas and its 
eiident activiti, vhen excited by cecietm, to digestion in geiieial and to 
othei oigans in paiticiilai, is a very uicle one, and, as lie \enturcd to 
point out, offeis a most piomismg and lelatnely unexplored field for 
leseaieh It occiiiied to us that 111111 a definite and siiie method of 
activating at least the “^exteinar secietion of tliat gland, and mth an 
expenence equal to measuimg and inter pi eting its lesponsc, ivc had at 
hand a means iiheieb'y its coi relation iiith othei oigans might be 
studied 

In Ins ITane} addres--- Stalling sai'; “Secietin may be taken as a 
f\pe of a vhole gioup ol chemical nie^cengoi^, vliich, formed m one 
oigan, tiaicl in the blood stieam to othei oigans of the bod} and eilcct 

*l'rom lliP Pcppei L^lK>rlton of Clinical ^Icdiuno, and tlie Lnboralon of 
Lxponnientnl Surgcn, Unnrr-iti of Ponnsihaiua , K'portcd before the Soorti 
of Normal and Patholo^iril Plii-iolo"!, Uni%ti'-iti of Pcnn-\hania, Alnrch 

Sweet, J E and Pemberton R 'ini Aicnnis Tnt Min, lOOS, j, 2ai 
o Starling E H ^oiir Am Mid A-'-n Xlirdi 14, lOOS, 1 S'il 
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eorielation between the activities of the oigans of oiigm and the oigans 
in wliicli they exeit then specific effect” Tins effect, he says, as a 
deduction fioni many ohseivations in tins connection, is not due neces- 
saiily to the foimation of a special substance uhicli shall exeit a specific 
influence on some distant oigan, but possibly to the development in that 
distant oigan of a specific sensibility to the common piodiict of the fiist 
organ The chemical adaptations which Stalling consideis and of which 
we know most, have lesulted almost exclusively in iiicieasmg the activity 
of the responding oigan ^^Ve can not, liowevei, diaw sliaip lines be- 
tween the reactions involving mcieased activity oi dissimilation and 
those wlhcli invoke increased assimilation oi giouth, since, nndei 
plivsiologie circumstances, the latter is alwa} s an imniediate consequence 
01 accompaniment of the foiniei ” 

Some unknown function of the pancicas b}’- viitue of which it seems 
to have a close i elation with diabetes has long been recognized, chiefiv 
fioni ion Mering and iimkowski’s veil-known observation, that extii- 
pation of the panel eas causes gl3cosuiia As is veil known, many agents 
may cause glycosuiia vhen injected intiavenously oi otheiwise gnen, 
for example, isotonic salt solution injected intiavenously in large 
amounts, inter feience with the supply of oxygen, etheiization, and, 
lastly and more specificalljq adienalm injected subciitaneouslv '\^fliatevei 
the mechanism by which these agents act the last one named does so by 
pioducmg a tine hyper glyccniia iSlov the fact, on the one hand, that a 
small excess of siipraienal substance m the cii dilation of an animal, its 
own supiarenal glands being intact, pioduces ghcosuiia, and, on the 
other hand, that extirpation of the pancreas pioduces a like result, sug- 
gests an antagonism or balance of action between these tv’^o oigans in 
paiticular vdiich might profitably beai investigation A relation of this 
kind has been suspected, though full expei iiiiental eiidence has been 
lacking to establish it Thus, Heitor has shovn that painting the pan- 
creas vuth adrenalin causes glycosuria, but vhethei this is meiely a 
feature of its action vhen injected subciitaneouslv oi intiavenoiislv is 
not 3>^et known G Ziielser^ has adianced some ideas as to the intei rela- 
tion of the adrenals and the pancreas To quote his own words, he 
makes 'ffhe assumption that the secietion of the siipiaienals is noimally 
iieutialized bj'" the pancieas and that, theiefoie, the T^^^cieatic diabetes’ 
of Minkowski, which follov's cxtiipation of the pancieas is lealH a 
siipiaienal diabetes ’ He also claims that by injecting ciniiiltaneoiisl} 


3 Zue]=ci, G- ‘ Beil kliii tVelirse^n m07, nIiv -171 
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siijwaiejial e*\tiact and paneieatic 3uiee, no gljcosuiia lesults Pfingor^ 
lias slionu that extnpation of the duodenum in fxogs causes ghcosnria 
(It IS fiom the duodeninnj of conise^ that the pancieas noiniall} obtains 
the stimulus foi the dischaige of its exteinal secietion at least ) Elu- 
inan has found that tins extirpation does not cause glicosuiia in 
dogs hilt Pflugei ciiticizes Ehrman’s woilc on the gioiind that the sepa- 
lation of the pancieas fiom the intestines uas not complete and that the 
animals did not suiviie tlie opeiation foi a peiiod long enough to make 
the experiments conclusive 

It uas, therefore, with the basal thoughts just suggested that we 
sought to imestigate the influence of various factois on the one gland 
of the bodi whose excitation by ‘dioiniones'’ can be induced at will, as 
a basis foi inqiiiimg into that fuithei intei dependence of oigans which 
we know exists Oiu fiist thought w^as to look within the bod} foi factors 
w'hich might have some effect, though the question of outside influences, 
such as ^klrugs,'^ is an inipoitant one of itself 

We attempted, theiefoie, at the stait, to influence in dogs the flow 
of panel eatic juice when excited b}' secretin, with intiavenous injections 
of adienalin chloiid, taking Sec at a dose “ Thiee e e of adienahn w'as 
sufficient instantl} and niailcedly to inciease the blood piessiiie, without 
eiidentl} injuring the animal duiing the peiiod of obseiiation and m 
a few minutes the blood pressure fell again to noimal so that the dose 
could be several times lepeated 

AYe found on injecting adienalin chloiid that the flow of paneieatic 
juice was almost at once inhibited and in most cases absolulep so With 
injection of fan amounts it was at all times slow'ed jiiopoitionatelv to 
the si/e of the dog and the activitj' of bis pancieas Woieoici, the simul' 
taneous injection of societm and adienahn lesidted m a total absence of 
flow , and fiutheiinoie, the injection of adrenalin a few moments piioi 
to the injection of seeietin pieiented a flow Occasional!} if the gland 
weie leiy actne and the dose of adienahn modeiate, a slight lesponse to 

4 Pflugei Aid) f cl gc& PJiisiol 1907, c\i\ 227 
o Elniinn Aicli f (1 gc< PlusioJ , 1907, c\i\, 293 

G The secietin we used piepaied fiom iioriml dog inle=tines The ani- 

mals oil vliich ^^e c\peinnented weie nil dogs Ihex wcic kept under piofound 
ethei iiicstliesia niid it the cud of the c\pcinuent wore killed llic amounts of 
secietin injected ueie 10 co of solutions made from 300 to 400 cc 0 4 per cent 
HCl Tills qinntiti of acm ms found uell ndiptcd to the extraction of muiosa 
fiom the upper foiii feet oi dog intestines, and sened foi imnieioiis ohsenntions 
making a total of about 130 to 200 cc of secrdin snluttoii The details of 
piopaiatioii aie othoiui'C as gnen m our piciious aiticlc (Im Ancimis Int 
Mli) 190S, 1 231) 
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flow would occul late, as though, m the end, the action of the secietoiy 
faetoi had ineiiondeiated 

In consideimg the inattei, one of our fiist thoughts was, of couise, 
that the inhibitoi}^ powei of adienalin uas due to its hlood-pressuie- 
laising pimciple, notwithstanding the fact that changes in blood pies- 
suie aie Mell knoun to have little influence in the output of most glands, 
and that the piesuiie in the secietoi}^ duct of such glands may, without 
much effect, be highei oi lowei than that in the vessels suppljing it 
This IS well illustiated by niimeious long-established expeiiinents on the 
salivaiy glands As a mattei of fact, houevei, the in;]ection of soeictm 
is followed by an immediate and pronounced fall in the blood pic^bine 
The blood-piessuie-loweimg element of secietm is piobaldy puiely inci- 
dental, as shovn by Ba^liss and Stalling, and, as can be seen fiom oiii 
lecoids, IS a featuie of many extiacts of tissue because of vaiioiis ele- 
ments piesent Fiirthei, undei some ciicumstances, aftei the in3ection 
of adienalin of knoun vasoniotoi activity, the blood piessiiie has foi 
vaiious leasoiis failed to use vei7 much, and again, aftei adienalin 
injections, 'ecietm has gieatly i educed the blood piessiiie to a point 
much belov normal, and yet no flow has lesulted m eithei event, shoving 
conclusively that this action is not the result of high blood piessiiie 
Fuithei, the simultaneous injection of both agents fiequently lesults in 
such an antagonism of the elements vhich affect the blood piessiiie that 
no change in its lei el occuis and still no flow appeal s AVe shall latei 
lefei fullv, aftei consideimg fiiithei expeiiinents, to some results ob- 
tained vitli old solutions of adienalin vhicli had undeigone changes 
wlieieby they lost then piopeiW of pieventing pancieatic flow, but let 
poweifull} laised the blood piessiiie A flow, theiefoie, took place vith 
the blood jnessiiie laised almost to a maxiiiium by adienalin Moie 
diiect expel imeiits to this end can be conducted vith difificultjy as no 
otliei known substance laises the blood jnessuie to a degiee at all coni- 
paiable vith adienalin 

That this inhibition of secietion is not a featuie of any geneial 
action of adienalin is sliovm by a number of obsei rations, the lesults 
of which aie siiiiiniarized as follows by Cushny " “The secietion of the 
salivaiy gland and of the mucous glands of the mouth and thioat is 
inci eased, apjiaiently thiougli stimulation of the neive terminations, as 
undei piloeaipm The secietion is ariested by atiopm, but can be lein- 
statedby laigei amounts of supraienal extiact, vhich is a moie poweiful 
antagonist to atiopm than pilocarpm The lacrimal gland and the bile 

i Cushing, Aithni U Plninncology and Theiapentics X-ea Biothers Co , 
Philadelphia 
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aie also inci eased” Speaking of the Wood piessiue, he sa’^s “This 
active pimciple exists onh m the medulla of the gland and, theiefoie, 
does not lepresent the ivhole function of the oigan, in all piobabilit’i ” 

It may be ivell heie to mention the methods by vliieli ve lecoided 
the observations 'which appeal latei In oiii pie\aous voik ve measiiied 
panel eatic activity by registeiing with a vateh the exact moment at 
which the flow of jnice thioiigh the caniila in the duct of Wirsiing 
passed definite giadiiations maiked along the caniila This method vas 
accurate enough, but not at all giaphie and was, as veil, voluminous in 
lepioduetion, so ve had recourse to the following method 

The blood pressure was leeorded on a k3anogiaphic dium by means 
of a manometei in the femoial or caiotid artei^^, and the lespiiation In 
a manometei intiodiieed into the tiachea By means of the electiic 
push-button connected with the pen drawing the base line on tlie drum, 
it was possible by watching the flow of iiiice thiough a graduated 
canula placed m the duct as usual, to leeoid in vertical and niomentai\ 
elcAations of the base line the exact moments at vhich the floved 
past any given division 

In oidei that the lecoid of an experiment, vhich often coieied a 
peiiod of seveial houis, might be made continuous, ve made use of a 
modification of the well-loiovn “endless loll,” a method vliich had foi 
oui puipose the advantages of lecoiding the blood piessuie in all its 
vaiiations fioni the noinial established at the beginning of the expeii- 
inent ® 

The experiments above leeoided of the action of adienalin veie 
lepeated a gieat inanj" times and, as our tracings show, iiith almost 
invaiiabl}' the same results The amount generally used vas Sec of 
the “adrenalin chloiid" of Parke, Davis & Co vhich is said to contain 
tvo and one-qiiaiter giains of chloietone to the ounce In oidei to ob- 
viate the possibihtv of the latter preseivatne being a factoi vve prepared 
sevmial chloietone solutions of different stiengths, one of over twice the 
stiength m vhich it occuis in adienalin, but no inhibitoiv effect could 
be observed fiom it "We next made up a solution of puie adienalin 
fioin the clued active extract of the supiaienal glands also on the niaikel 
This is said to contain no pieseiwative of anv'' soit but a solution made 
fioin it of the same stiength as that containing chloretone again gave 
the same results Finallv ve made a suprarenal extiact of oui own, 
fioin the supiaienal glands of thiiteen dogs on which various surgical 

S Wc are uiulor great oMigatioii'? to Prof E T Poiclicrt for liis kindnc'® in 
demising the simple and ofTectne kiinograph wliicli proved =o perfect for tlie u«> 
of the cndlc=s paper roll We ire further indebted to Iiim for n‘-si‘=(nnce in nnnj 
tcchmcal point« 
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opeiations had been iDeifoiraed some 'weelcs pievionsly in the coni so of 
expeimiental surgeiv at the UmveisitA^ of Penns}dvania These ani- 
mals Aieie m good health and weie all killed by gas at the same time foi 
autopsy studi , advantage vas taken of this fact to obtain the supia- 
lenals The glands veie inn tlnongh a hash machine and the lesult- 
ing mass gionnd up vith sand and about 30 c e of noimal salt solu- 
tion in a inoitai foi about fifteen minutes till the whole was i educed to a 
unifoiin pulp Salt solution was then added to a total of 78 c c and the 
nioitai contents stiamed thiough unbleached muslin This piepaiation 
was opaque, vhite and cloudy in appeal anee, and oiii obseivations show 
that to all intents and pin poses it had all the pioperties of that put on 
the inaiket in legaid to both blood piessuie and inhibihon of paneieatic 
flow On an eailiei occasion ue made a noimal salt solution extiact 
f 10111 the tvo supiaienals of one dog and added to it 1 c c of a satuiated 
solution of chloietone This piepaiation uas also active in all lespects 
In 01 del to establish any peeuliaiitv oi sjiecifieitv of action in this 
connection, howevei, it vas then neces'^aiy to utili/e othei glandulai ex- 
tiacts and othei substances in the same connection 

To this end we experimented with as mam animal extracts of known 
activity as could be obtained Theie aie, of couise but few such, and 
theie is ouh one of any definite theiapeutic value, viz the thvioid A 
tablet of diied thiioid extiact (the theiapeutic dose foi an adult human 
being) vas gioiind up in a nioitai and the povdei nibbed up with 10 c c 
of vatei The liquid assumed a biownish coloi, indicating some solubility 
of the substance, but foi the gieatei part this injection consisted of a 
fine suspension A solution of thyioid extiact was also made by treat- 
ing the mashed and gioiind pulp of tvo sheep thyioids with slightly 
moie ghceiin than vas sufficient to covei them This was allowed 
to extiact all night and then diluted one-half with watei, stiamed and 
used in vaiioiis amounts foi injection Theie can be no question that 
tins piepaiation contained much of the peciiliai colloid thyioid elaboia- 
tion, because the slightest amount gave the chaiacteristic viscid reaction 
■which occiiis vhen the lattei is tieated with alkali The glands used in 
this instance veie taken from fiesh mateiial obtained from the abattoir 
and used at the Univeisity Hospital in the treatment of a case of myx- 
edema vliich vas impiovmg lapidly We also tiled a liquid preparation 
of thjioid extiact distiibiited by the manufactiiieis All of the above thy- 
ioid extracts how ever, •were without influence on the flow of juice 

It has been shown by Schaffei and Oliver and others that the pituit- 
ary gland contains a substance vhich acts somewhat analogously to the 
actire principle of the siijnaienals, in that it raises blood piessure It 
does this to a degree less than the lattei, though the effect is said to be 
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continued somewhat longei We atteni 2 ited next^ tlieiefoie, to obtain an 
extiaet of tlie pitnitaiy bod}’, and used fiist a liquid jnepaiation said to 
be of the infundibnlai poition, distiibiited b}’ Paike, Dans & Co foi 
experimental clinical obsei ration In ansuer to some questions addiessed 
to them b}’ lettei, the manufactnieis of tins solution state that it con- 
tains 0 5 pel cent of eliloietone Taking the same dose of this that ue 
used of adienalin chloiid, ue in 3 ected it aftei exciting the flor by seeie- 
tin and obtained almost the same consequences as followed the use of 
adrenalin In othei uords, the pancieatie flow uas at once cut shoit and 
geneially completely inhibited In neaily eieiy instance the use in blood 
jnessuie was consideiably less than is witnessed aftei the same dose of ad- 
lenalin, and, moleo^el, it was less abiujit, though the longei continu- 
ance noted b}’ some obseiveis uas not so appaient I^otivith standing its 
evidently infeiior activity m lespect to blood piessuie, its inhibitoiy 
action on panel eatic juice seemed to be moie maiked Thf cessation 
vas in most cases moie piompt, and on seieial occasions a second injec- 
tion of secietin failed to excite a lesponse .aftei an intenal of time fol- 
lowing the injection of pituitaiy extiact such as would piobablj haie 
msuied a flow, even though slight, had adienalin been used, showing 
apparently that this pieventive action sometimes lasts longei in the ease 
of the pituitaiy gland That this featuie in no way *Vpends on an m- 
eiease in blood jiressure is bettei illustiated by the pituitaiy than bj the 
flesh adienal extiacts, since the foimei on mam occas ons fails to laise 
the blood piessuie and moie fioquently the use is so slidit and so tein- 
poian as to be of evidenth little consequence In this lespect of laismg 
the blood piessuie, the pituitaiy extiacts used bv us wei ‘ bj no means as 
constant oi leliable as those made from the supiaienals 

On vailing the time of injection, as we had done with adienalin, 
and giving the extiact aftei excitation of the paneieas by secietm, then 
befoie its excitation, and, finally, with the injection of occietin, we mot 
with iieaih identical lesults In both of the lattei instances the flow is 
pieiented bi the dose mentioned (3 cc ), and m the foiTcei it is gieatlv 
slowed and geneialh piomptlj stopped In regard to both the adienal 
and pituitaii extiacts it is noticeable that then action is appaienth 
moie maiked when the injections piecede oi are coincident with the 
injection of secietin than when tlie\ follow it Sonietime= witli a icij 
actne paiiciea^: the initial do=e of adienal or pitiiitaii woidd he iristtffi- 
cient to ictaid len much a Molent lesponse to secretin but we ionnd 
that if gnon beloio the injection of cecietin the flow was alwai- in- 
hibited 

Tlie coniineicial extiact of pitnitari gland winch we first fried (thr 
exact nature of which was of coui-e ontneh unknown to u=) wa= open 
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to the same theoietical objection as adrenalin, and it was possible that 
methods of preparation or the preservatives nsed in its maniifactnie 
might conceivably produce these effects or modify in some way its own 
pioperties, indeed, they might actually disguise those with which we 
weie concerned We, theiefoie, determined to piepaie oui own extract, 
which we did as follows 

On the occasion mentioned above, when thiiteen dogs weie killed, 
we removed separately both portions of the pituitary gland, nervous and 
glandular This procedure is relatively simple in the dog, as the organ 
IS easy of access and is exposed to view as soon as the frontal lobes of the 
biam are raised The nervous part in the dog is a small white globule 
about the size of a grape-seed, and on being crushed extrudes a slightly 
viscid juice which can be rubbed into a paste To the thirteen infundi- 
bular portions so treated we added 30 cc of normal salt solution, agi- 
tating the whole for some time to insure as complete extraction or solu- 
tion as possible The resulting fluid contained very little residue of any 
sort and was transferred directly to a small steiile Brlenmeyer flask 
The glandulai portion of the pituitary was then treated in the same way 
uitli an equal amount of salt solution and transferred to another flask 
It might be mentioned here that, while histologically the glandulai poi- 
tion of the pituitary body is epithelial tissue, it in no way resembled a 
gland macroscopically, and by the uninitiated eye would be taken foi tlie 
nervous element On being crushed it resembles so much fairly dense 
tissue and gives a solution more tinged with blood than the neivous 
extiact, which is almost white in color 

The extiact from the neivous portion of the pituitary was active 
in regard both to blood pressure and to the suppression of the pan- 
cieatie flow, agreeing in all respects with the other preparations tried 
The dose used was 10 c c of extract, which was equivalent to the nervous 
fraction of about four and one-third whole glands The blood pressure 
was raised to a degree somewhat less than was seen after most of tlie 
other pituitary injections, but this may well be accounted for by the 
strength of the preparation, which must have been considerably lower 
in actual extractive content than the commercial article, which is made 
fiom the organs of larger animals 

The extiact from the epithelial portion of the pituitary was injected 
without any evident effect on either the blood pressure or the flow of 
juice, which is quite remarkable, considering the immediate contiguiti 
of the stiuctuies, and argues much for a specificity of action We shall 
have more to say on this subject later 
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Having satisfied ourselves that the pituitary and the supiaienal both 
contain something whose action on the pancieatic flow is maiked, it le- 
mained now to investigate other tissues The one of known physiologic 
interest as regards its therapeutic action we had already tried with a 
negative result^ but it could not he postulated that other organs or othei 
tissues might not contain some principle which would act analogous!} 
Consequently we made extracts of die parench}'ma of other glands and 
of other nervous tissue Of the foimei the epithelial poition of the 
pituitaiy already served as a striking instance About one-fouith of 
the liver of a freshly killed dog was put through a hash machine and 
then ground with sand and a small amount of normal salt solution in a 
mortar until a fairly uniform mass resulted l^Ioie normal salt solution 
was then added, making a total of 150 c c used, and the whole agitated 
and ground in a mortar as well as possible for about twenty minutes It 
was then passed through unbleached muslin to free it fiom sand and 
tissue residue and then transferred to a sterile Eilenmeyer flask 

In addition to the above, on another occasion, a glycerin extract of 
liver u as made by adding about 150 c c of glycerin to the mass passed 
through the hash machine as recorded, and after agitation and piessuie 
in a mortar the whole was allowed to extract for twenty-four hours A 
small amount of water was then added and the mass strained Anothei 
watery extract had been previously prepared and tins pioeeduie was 
repeated only because it was thought that an unavo lable delay of some 
iiours might in some way have impaired the aetivitv of the first With 
the exception just noted, the glandular extracts o~ our oun piepara- 
tion on which we based conclusions were all made aithin a few hours 
of the death of the dogs and injected within a few lours at latest after 
their preparation® Hone of the liver preparations feemed, however, to 
have the slightest effect on the flow of juice, though tlie blood piessmc 
uas sometimes considerably lowered, as has been shoum by Halliburton, 
Dixon and others to be the case with several organ ext’ acts 

We next experimented with nervous tissue, foi which purpose uc 
obtained tlie brain of a freshlj’-killed dog, passed it entire thioiigh a 
hash machine and then ground the pulp in a mortar uith sand and a 
total of about 130 cc aqua distillata Distilled water uas used inad- 
leitently instead of noimal salt solution, as in the othei e\peiiment« 

"Willie tlie subject of the depressing effect of extracts of nenous tissue 
has already been pretty thoioughl} studied bj Halliburton and others, it 

0 Tbc nnini'ils vctc killed between 6 nnci Tam The cuprareml ami 
pihntnrv pHnds romo\c(I between S nnd 10 a m , and evlrflct=: made b; rifvm 
Tbev were injected dnniip tne aftern'>on and f\eninp of the came dax 
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IS inteiesting, apait fiom tliGii iGlation to pancTcatic activity, to coiii- 
paiG tlie systGinic effocts piodiicecl by in3ections of tins last piepaiatiou 
with tliosG of otliGi Gxtiacts The amount of fresh livei substance taken 
foi exti active purposes ivas about one-qnarter of the organ, to which vas 
added 150 c c of extracting fluid The brain of a medium-sized dog 
eoiupaies closely with this in bulk as ivell as in percentage of water We 
macerated the brain with 110 ec of extracting fluid, so that bulk for 
bulk the solutions weie approximately equal, putting aside the question 
of their respective yields on attempts at extraction The first dose of 
biain extract used was 10 c e and ivith a slight fluttering and preliin- 
inai 7 use of blood piessiiie the dog almost instantly died The doses of 
livei and other tissue extracts were 10 ee and more The next dose 
of brain extract was 5 c c , and with a marked fall of blood pressure this 
animal died at once, though nothing had been previously in 3 ected into 
him The next dose administered wus Ice of extract in 10 cc HoO, 
and again a fresh animal at once died , and finally ive injected 0 25 c c 
diluted wuth 10 cc of water, and though the blood pressure fell alarm- 
ingly and it seemed by the cardiac inhibition and small excursion of 
pulse that this animal w^ould also succumb, the blood pressure rose again 
and the animal seemed to recover How^ever, after one or twm injections 
of secietm and adrenalin, wdiich had been w^ell borne m nearly every other 
instance, this dog also suddenly died, apparently from injury due to the 
fiist injection 

It IS interesting to note that, notwuth standing the powerful and 
almost lethal effect of even a small dose of the wmtery extract of brain 
tissue, absolutely no effect could be detected on the flow of pancreatic 
juice, which continued, as wn had frequently observed befoie, when the 
animal w^as moribund 

That the mhibitoiy action of the pituitary is therefore not a function 
of nervous tissue in general is clear ly seen, because the mass of the brain 
as compared wuth that of the diminutive pituitary bodies is very great, 
and the effect of its extract, if potent, should be both actually and lela- 
tively greater Moreover, the pituitary gland and brain substance aie, 
of course, in the most intimate contact, and were this activity of the hy- 
pophysis common to other higher nervous tissue it is almost inconceivable 
tliat it should be so sliarplj'’ differentiated in our work Wliether every 
pait of the brain would act similarly in extract, or -whether in such a 
gi oss method of extraction w e have diluted, beyond evident potenej'', tis- 
sues from other active regions, is jnoblematie 

In view of the relation wdiich the pituitary is supposed to bear to the 
testes, as eridenced by tlrose cases of acromegaly in which a lesion is dem- 
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onstiablo in the hvpopli 3 '’sis, and testicles also, it seemed adiisahle to tn 
the effect of extracts from testiculai tissues, although the immediate 
physiologic effect of these on the circulation and economy m genei al has 
been extensively studied by Dixon We macerated two dog testes fieed of 
their epididjunes and then giound them up as befoie, intli sand and 
moitai, finally adding a total of 78 c c of noimial salt solution The 
whole was then meshed through Imen and injected in the usual mamiei 
but no effect on the flow of juice was noticeable, ivhatevei tlie time of the 
injections 

Our purpose in makmg glandular extracts of oiii own was two-fold 
In the first place, such a proceduie was necessary to give us the mateiial 
we needed to widen the scope of our w^orlc, and, in the second place it 
seemed advisable to test whether, by the methods we used, we could 
extract the features of certain glands whieli are known to be present in 
them Failing in that, it could haidly be assumed that we W'ere capable 
of extiaetmg the active features of other parts, but if, on the othei hand 
we were successful, it could be reasonably believed that in the tissues 
under consideration no active substance was present, ci that, if piescnt, 
it ivas not susceptible of extiaction by these methods We desire to be 
understood, therefore, as claimmg, not that this obseived antagonism of 
action IS one positively peculiar to two organs alone, but that it is one 
manifested by them under certain conditions of treatment and a piopeiti 
which we have been unable to extend as y^et to othei tissues That a eei- 
tain degree of specificity is piobable from the evidence now at hand must 
be granted Whether further observation wall eoiroboiate oi dispioie 
this it remains for the future to show 

We also experimented wath atiopin Accoiding to the jilnsiologists 
atiopin depiesses oi suppresses piactically every secietory actnitj in the 
boch except that of tlie kidney, and possibly the pancreas On the flow 
of pancreatic juice, howevei, we w'ere unable to perceive the slightest 
effect from it TJie amounts administered were nearei the, plusiologic 
limit foi a dog than weie the doses of adienalm, winch can be lepeatedli 
guen in quantities of 10 ce at a time, in the foim of tlie commeicial 
adienalm cliloiid without much evident injury Oiu iccoids show that 
one of our dogs receiied 1/300 gt atiopin sulphate followed m a few 
inimites bj another dose of 1/300 gi without eiident lesult on the flow 
whereas anothei fiesh dog died from what resembled paialisis of tlie 
le 3 plrator^ center apparent!} as the immediate lesult of an injection of 
3 /loO gi Atropin neither pieiented nor stopped the flow of jane 



RALPH PEMBERTON~J EDWIN SWEET 


G39 


Effoits -sveie also made to simulate with digitalis the use in blood 
pressiiie piodiiced by adienalin and pituitary extiact, but no effect of any 
value could be obtained in this connection 

jSIow it IS tine that to speak of making an extiact of so highly oigan- 
ized and diffeientiated a struetuie as the liver, not to mention the biain, 
seems ciude, but it is also tine that in consideimg such a pioblcm as 
i\e liaise here we must fiist begin with the lowest terms and with such 
methods as aie compatible with oui Imowledge of the subject Having 
found in tvo organs some active substance which can be exti acted by 
then tieatment with salt solution^ we are driven to applying the same 
methods to other parts of the economy if we would leain more of its 
extent and distiibution It can well be urged that in different sites the 
same piopeity oi diffeient properties lequiie different methods of extrac- 
tion^ and that treatment with watei or glycerin in one instance will not 
effect the same result in another Hevertheless, we have indubitable proof 
that both water and glycerin can extract certain of then activities from 
several organs, as, for example, the suprarenal and thyroid glands respec- 
tively, and Ave also have equal proof that from other regions of the body 
can be derived substances of such toxicity that an animal sulijected to 
then action immediately succumbs Just vhich of their numerous in- 
gredients are responsible for these properties we are often unable accu- 
lately to sa}', and it is even a disputed point as to what factor in the 
extraction of nervous tissue produces the profound depression of the vas- 
cular system which is followed by death That the same methods of at- 
tack, under such circumstances, should theiefore necessaiil} appeal 
supeiticial and crude follows perforce "When we consider how easy of 
extraction by almost identical means is that principle of the adrenals 
with vhich Ave are most familiar, namely, the blood-pressuie-iaismg ele- 
ment, it seems astounding that its discovery should date from a period 
so recent as 1894, and if it be borne m mind that such methods in that 
instance furnished striking Imowledge and that ve have progressed little 
since then in our Imowledge of the functions of the supraienals them- 
sehes, the methods necessarj'- in dealing with such an unknown suliject 
appear less general and more definitely specific 

c hope to be able to investigate this antagonism of action, aftei 
sepal ating the pancreas from its nerve supply, as thoroughly as possible, 
since it may veil be that the effects noted lesult from the mediation ot 
the S}mpatlietic system It is of some interest to consider lieie Inieflv 
a fcAA points 111 the morphology of the supraienals and the pituitaiw in 
then relation to our observations It has been shown-’ that the 


10 Divon Join Plnsiol , Cambiidge, 1900 1901, xwn 
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classic effects of adienalin aie pioduced in laige part by its action on tlie 
s^Tupatheties, and n^herevei we test its action, in lespects othei than 
those under consideration, Ave find the results identical wnth those ob- 
tained by stimulation of this SAsteni of nerves and ganglia The supra- 
lenals are derived moiphologically from two sources, the cortex cominf^ 
from the mesoblastic tissue and the medulla from a diiect outgrowth of 
the S3Tnpathetic system As evidence of the latter wo find in many of the 
low'er orders distinct neivous tissues consisting of neurogliar cells, Avhich 
aie, however, harder to differentiate in man, indeed, in eeitain foims, 
viz , teleostean fishes/ the tAvo parts, medulla and cortev, remain separate 
through life hfow, an interesting corollary to our observed analogy of 
action between the suprarenals and the pituitary is the fact that mor- 
phologically we could reasonably conceive of these tivo organs as having 
something in common The pituitary bod}^, like the suprarenals, consists 
of tivo parts, and again like the adrenals, each part has a separate de- 
rivation The anterior lobe has its oiigin from one of the branchial 
clefts in a pouch of buccal mucous membrane The posterior is de- 
rived, like the medulla of the adrenal, from the ectoderm It comes from 
the floor of the third ventricle, to wdiieh it remains attached by a stalk, 
VIZ , the infundibulum According to some, the larger anterior lobe has 
two sources, the primitive oral tissue in early life and the anterior por- 
tion of the alimentary canal Wiedeischeim^'* says that 'flhe secretion 
fiom the pituitary gland formeih'’ passed into the ventiicles, and one 
of the more lecent theories assumes that the pituitaiy corresponds to 
the primitive mouth (palseostoma) of the proto-vertebiata, which to a 
greater or less extent is represented bv’’ the combined impaired nasal and 
pituitary passage of cyclostomes ” In certain mammals theie can yet be 
seen evidences of the passage which connected the anterioi part Avith the 
posteiioi part and thence Avith the thud ventricle These facts by 
tliemselves aie of inteiest, and in connection Aviih oui observations they 
aie not m discord That an oigan so anatomically lemote as the pitnitaiA 
should liaA’e a definite influence on a gland in possible morphological 
relation to it is theretore less surpiwmg 

As with the adrenals, it is that paifc deiived from the nervous s}stem 
aaIucIi giA’es use to the blood-pressure as Aiell as the inhibitory element 
For neitbei the epithelial portion of the pituitary^ nor the cortex of the 
supiaienals, lioweAci, is there any recognized function The two parts 

11 Herring- Jour Plnsiol Cainlii idgc, \\xm Xo 0 ti i rr 

12 Stongef Text Book of P ithologj, Philmlelplnn Stumders I'^OO PxuiIoU, 

Bohiii Text Book of Histolog\, Iliiber 1000 p OSfl _ 

13 AA'icderscIicini Coinpnntnc Aintoiiiv of Verliliratc'; Pirkcr ISO/, p >> 
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of tlie pituitaiy can be Tporked np and extracted separate^, as noted 
above, but tins bas not yet been possible witli the adrenal, so far as its 
inliibitoiy action is concerned, although from the suggestive analogies 
between these two organs and the verv evident limitation of the inliib- 
itory feature of the pituitar}'’ to its neivous moiet}^, it seems piobable 
that the adrenalin inliibition has the same point of origin as the blood-, 
pressure factor, viz, the medulla, still, this can not be postulated at 
present, and it may be, indeed^ that we have here an expression of one 
of the functions of the supiaienal cortex 

Since the completion of our experiments some work has been reported 
by Botazzi, D’Eirico and Jappeli,^^ in which they obtained an inhibition 
of flow from the salivary gland by painting it with adienalin Stimula- 
tion of the chorda tympani then failed to give a response Without ques- 
tioning the accuracy of their findings, which are at variance with the 
work quoted by Cushn}^ the, question as the}'- present it does not argue an 
inliibitoiy action on the salivary gland analogous to that obseiwed by us 
on the pancreas In the first place, they are dealing with a gland ex- 
cited by purely nervous means and not by a chemical substance which 
reaches it through the blood Again, and more important, the inhibited 
salivary gland is stated by the above Italian workers to be in the highest 
degree anemic after local application, a condition in which it is hard to 
conceive of its having an activity of any sort, since it is for the time 
being out of commission This is of course, in no way comparable to 
the action of adrenalin on the pancreas (if its action ^s on the pancreas) 
when the flow of juice in the latter organ is inliibited by a systemic in- 
jection into the jugular vein And, furthermore, this view of the matter 
does not explain the action of the pituitary which has, as far as we Imow, 
no such reported action on glands Finally, to ascribe to an ischemia 
of the pancreas the inhibition of pancreatic flow after jugular injection 
of a small dose of adrenalin, supposes that most or all of the organs of 
the body become anemic to such a degree that they can no longer act, 
which IS stietchmg a hypothesis beyond the facts to support it 

It IS somewhat immaterial, however, whether adienalm acts on the 
pancreas alone oi also on other organs, since the point of interest is that 
m aflectmg it at all in this way it aSects the one gland of the body uhose 
connection with diabetes is best established That it might also affect 
certam other analogous structuies uith inhibition would not be siirpiis- 
ing, tliough the evidence now is against it 

14 Botazzi, D’Enico and Jappeli Physiol Inst Unii , Xaples Biochem 
Ztschi , Jaiiiiarv, 1908 mi, 431 
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One featuie of oni work demands some notice and is of suggestive 
mteiest On tlie day when we experunented with the pituitaiy and 
supiarenal extracts of oui oun manufaetuie we made oiii fiist injections 
about 1pm The preparations nsed for this purpose had been made 
between 10 a m and 13 m from the animals killed eailj’’ that iiiommg 
as noted The samples of suprarenal extract first injected were vigor- 
ously active Because of press of work under the desire to utilize oiii 
preparations before they were affected by decomposition^, we veie unable 
to use the pituitary extracts before evemng, about 8pm Although 
tried then for the first time, about eight hours or more after then manu- 
facture, they acted vigorously, as stated On endeavoring to repeat with 
the suprarenal extracts our work with them of the early after noon, how- 
ever, ive Aveie able to get no inhibitory action, although the blood piessuio 
ivas still raised To control this conflicting observation we tried a prep- 
aration of adrenalin made some weeks previously from the diied extract 
of the suprarenal gland put on the maiket by Parke, Davis & Co m 
small gram vials and said to be free from pieservatnes This solution 
corresponded purposelj’', rn adrenalin strength, to the usual commercial 
article containing the preservative ehloretone It was lemaiked In one 
of us immediately prior to the injection, while filling the syimge, that 
the solution showed a slight mould It had been used many times before 
and had in every instance been poweiffully and emphatically active, 
though there had been a lapse of perhaps a w^eek since its last use To 
our surprise, this preparation raised the blood pressure decidedh, but 
was absolutely without influence on the flow from the pancieas We 
then tried an injection of the commercial adrenalin chloiid solution, also 
some wrecks old but containing ehloretone, which both raised the blood 
jnessuie and inlnbited the flow, as we had repeatedly observed before 
The absolute significance of these obseiwations can not bo establislied 
until we repeat oui experiments in this particular connection, but the 
most obMous and reasonable deduction is that the extracts fiom the 
siipraienai glands contain two or more substances, one of wlneli acts on 
the blood piessuie and one of which acts to inlnbit the flow of juice I he 
fomiei of these seems the more stable of the two and resists decomposi- 
tion for a considerable time but the latter loses its actuih leii shortly, 
perhaps in a few hours In the instance of the preparations of oui owni 
manufaetuie fiom dog oigans the tissues and the extracts fiom tliera 
weie, of com sc, contaminated tioni the stait with the ordinal \ postmor- 
tem piitiefactne agents, and in oidei in no war to imjiair the efficioncs 
ot the extiaets no attempt was made to intiodiice prcseiiatnes oi ster- 
ilize tlicm The diied extiact ot the gland howeiei, wa-^ piosiimabh 
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steiile to start with and the solution made fioin it leinained faiih'- fiee 
from infection except in so fai as it was contaminated by the initial 
weighing of the dry powdei Steiile salt solution was added to this 
and the solution kept on ice in a corked bottle, the only fuither con- 
taminating agent, bejond contact with the an when the coik iras re- 
moved, being the needle of the syiinge This was always thoioughly 
cleansed with watei aftei each infection, though not steiilized Under 
these ciicumstances decomposition would surely pioeeed lapidly fiom the 
start in the case of oui dog pieparations, but slowly in the case of the 
otheis We can olfei no explanation foi the appaiently greater stability 
of the pituitar}^ inliibitory factor except that the pituitary glands, being 
small, were easily mashed in a small agate mortar and quickly tiansfeiied 
to small flasks, while the supiaienals requiied longei and moie vigoious 
treatment uith sand in a moitai, had also first been lun thiough a hash 
machine, and weie hence moie open to infection 

The piocess which opeiated to destroy the activity of these prepaia- 
tions may be simply that of decomposition by putrefactive oiganisins, 
01 it may be, on the other hand, of an oxidative nature more like that to 
which Bayliss and Starling have ascribed the slow deteiioration of secie- 
tiu and its moie lapid loss of activity on evapoiation in efl^oits to con- 
centiate it All the points heie suggested are yet to be woiked out, how- 
evei^ in then lelation to our woik 

We aie by no means sure, at the piesent wilting, of the full inteipie- 
tation of the results under discussion They aie but the earliest steps in 
a line of work on which fuither obsei rations may throw much light 
They seem to us, however, to be very suggestive in their possible beaimg 
on othei intei glandular relations, on the medium in which these aie 
maintained, and possibly on a new conception of the intei dependence 
of vaiious organs now the subject of speculation For these reasons it 
seemed advisable to publish our results at this stage and make their 
furthei amplification the subject of later contiibutions 

In studying the records, and indeed through a consideiation of all 
our work, it must be borne in mind that we are dealing with a balance of 
powei between various factors, no one of which is susceptilile of exact 
definition oi measurement As with the study of the phaimacologic 
action of diugs, there must be taken into consideration, besides the size 
of the dose, the activity of the oigan under consideration, and the condi- 
tion and size of the animal as a whole Wliat may be quite sufficient 
maikedl}’’ to affect one animal may be altogether inadequate in the tieat- 
meut of another 
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Popielski^s has leeently taken issue luth Baytiss and Stailmg as to 
the method of action on the pancieas of acid extiacts of the mtestmal 
mucosa and indeed as to the existence of secietin at all^ as a specific 
excitor He also claims to be able to produce panel eatic activity iiith 
extracts of stomach and large intestine The mam point of discussion 
m this controveisy is somewhat beside oui present issue, though theie 
are a number of incidental features which have a close relation to some 
observations of our own 

Popielski thinks that the secretion of pancreatic juice after excita- 
tion by secretin is dependent on a fall of blood pressure and that if the 
blood pressure be maintained high no flow results He uses adrenalin 
to raise the blood pressure and notes with the high pressuie that there 
IS no flow He concludes also, as an incidental point, that adrenalin, in 
itself, does not inhibit pancreatic activity He considers that stimulation 
of the pancreas by secretin and stimulation by HCl in the duodenum are 
different processes How, it seems to us that our work throws some light 
on several of these questions In the first place, we have obtained some 
further results with adrenalin (already mentioned and to be referied to 
again presently) Popielskfls use of it seems to have been solely to laiso 
the blood pressure In so doing he has apparently overlooked the other 
feature of it, for, while he notes incidentally that it does stop the pan- 
creatic flow, he thinks this phenomenon due to the high blood pressuie 
and not to the adrenalin proper He specifically states that adienalm 
in itself does not influence the flow of juice How, as we mentioned 
above, one of our senes of experiments conclusively proves that it is 
possible to obtain a flow after the injection of secretin, despite the fact 
that the blood pressure is raised to a high point We refer to those 
observations, happened on by chance, in whicJi exposuie to air and 
apparent decomposition had destroyed the inhibitory factor of a solution 
of adrenalin, hut allowed the blood pressure element still to act Wliat- 
ever tlie true explanation of this — and we offer nothing positive on this 
point — it IS a fact that on several occasions such a solution distinctlj 
raised the blood pressure sometimes to a verj'^ high point and jet the 
juice flon ed To have noted this once would be sufficient to pro's e it pos- 
sible We have a number of such records Hot only does this prove that 
it is not tlie blood-pressure element alone of adienalm which affects the 
flow of juice^ but it also proves that, as just stated a flnv inaj lake 
place follcving secretin 'uhen the piessuie is high and that there foie a 
low blood pressure is not as Popielski claims a featuie neces^an to it 

1.5 Popichki -Xicli f cl ges Plnsiol, 100", c\\ 451, lOOS, cwi, 230 
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His findings in legaid to tlie failnie of atiopm to affect the flow aie 
in agreement with onis^ viz , that no inhibition lesnlts from it We have 
as yet been nnable to eSect a secretion from the pancieas by the injection 
of extiacts of othei tissnes, tliongh we have not yet tiied those paiticnlai 
tissues (i e , stomach and laige intestine) used by Popielski He states 
that a watery solution is sufficient to extiact the exciting factor, and we 
used also watei and normal salt solution in oui woik We obtained no 
flow, but, on the contrary, from certain tissues, as mentioned above, ve 
obtained an inliibition We also made an acid extract of the pancreas 
with 0 4 pel cent HCl, and treated the whole exactly as we did a coniei- 
dently prepared and active solution of secietm No flow resulted, how- 
ever, from the acid extiact of pancieas 

It should be mentioned also that after section of both vagi we still 
obtained the inhibitory effect fiom sujirarenal and pituitary extiacts 

Some further inteiestmg obseivations have recently appealed which 
deserve leference Fleig^° reports on the phj^siologic properties and 
toxicity of normal panel eatic juice and that provoked artificially He 
considers as normal, juice elaboiated under the influence of chime 
secreted through a duodenal fistula in an otherwise sound dog and then 
injected mto the duodenum of the dog whose pancieas is under considera- 
tion The quantities of chyme required under these circumstances aic 
considerable (20 to 30 c c ) and they must be repeatedly injected (every 
ten to twenty minutes) to induce a proper flow The secretion thus pro- 
voked differs much from that which follows intraduodenal injections of 
0 3 per cent HCl, tlie time required is much greater and the quantity of 
juice furnished ^hnfinitely less’^ Hndei the influence of chyme thus 
conducted the juice remains very thick and viscid from beginning to end, 
whereas juices secreted aftei more artificial stimulation differ in this and 
other phj^siologic respects until after repeated injections of secretin Foi 
example, the pancreatic juice may have hardly any of its normal physical 
chaiacters 

Natural and artificial secretions also vaij'’ in then toxicity when in- 
jected into animals, the former being more powerful in this respect The 
lowered toxicity of secretin juices, Fleig thinks, is in consonance vit]i 
their poor content of solids rather than then relative tryptic inactivit}^ 
He says tliat the above conditions are true also in general of the biliary 
and salivary secretions 

Now it seems to us that the above results are what might be expected 
That a purely artificial and foreign substance, such as secretin, full of 
other extraneous matter and differing itself not only in quantity but in 

10 Fleig Compt lencl Soc do biol Mar 8, 1905 Xo 15 



GiG 


lA EIBITION OP PAPCRLSTIG ACTIYI'l'Y 

qnalit} fiom the nomal pancieatic e\ciiant, should pioduoe the same 
juice as does the slow e-\trudei gastiic clijone, acting ovei peihaps many 
hoiirSj seems unlikely in the highest degiee It uould, indeed, be extiaoi- 
dinary if tlie results of such vaiied stimulation uere the same The 
amount of excitant uhich leaches the panel eas nonnally fioni the duo- 
denum IS surely a small oi model ate qiiantit} , that which is injected 
Avith secretin is not only concentiated in pieparation fioin many feet of 
gut, but IS injected m a feu seconds to spend its whole foice at once It 
IS haid to see how any gland could long continue to elaborate a nonnal 
product under such vigorous treatment “We hope to investigate shoitly 
the effect of adrenalin and pituitary extracts on the pancieatic flow aftei 
stimuli othei than secietm, especially chyme from a gastric fistula in an 
otherwise healthy dog, hut it seems probable that the pimciples aie much 
the same on ivliich depends secietion after all of these and that the lesults 
of such woik will be in haimony'^ uith uhat ue have already seen If 
adrenalin and pituitary extract inhibit the sudden and violent initial flow 
from secretin, it is conceivable that they would also affect the mild re- 
sponse from other stimuli It must be remembered that the alteicd 
nature of pancreatic juice after secretin comes as the result of protracted 
and powerful stimulation and not from the initial dose 

It IS interesting to note in connection with our work the obseivations 
of Meyei^" and Pronin,^® which afford some evidence that extnpation ol 
the suprarenals, after the induction of diabetes in depaneieated animals 
modifies the severity of the diabetes and reduces the elimination of sugai 
AYe hope to concern ourselves now with the question of the site of this 
antagonism between the pituitaiy and suprarenal glands, on the one 
hand, and the pancreas, on the other, with tlie question of vhether it 1 *= a 
chemical action, in the general sense of the word, which occuis in the 
ciiculation, or whether it is the result of some influence exeited on the 
pancreas alone, or whethei, again, it is accomplished through a neivous 
mechanism The solution of these pioblems should gne information of 
\alue in stud} mg the influence of such factois on the so-called ^bntcinal 
secietion” of the pancreas, and its relation to diabetes Wlietbei on 
liipodeimic injection adrenalin produces gljcosuria, which it does m a 
few minutes by iirtue of an inlnbition of the inteinal secretion of tiie 
"pancreas analogous to the inhibition of its external and risible d)‘- 
chaige, is jet to be investigated AYe have been unable to piodvcc a 
ghcosuiia aftei eithoi the subcutaneous or intravenous injection of 1 
cc of pitmtarj extract The solution used vas made foi uitliout 

17 !Mcrci Conijit lend Soc de biol , Feb 14 190S p 210 
IS Fioinn Conipt rend Soo de biol , Feb 14, lOOS, j) 210 
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chloietone by the manufactuiers, but we have not as yet conti oiled its 
inliibitoi} activity on the external pancreatic flow and, therefore, can 
not be positive on this point 

It yet lemains to investigate more thoionghly the degiee of specificit} 
by trying the effects nf other tissues and other methods of exti action, 
but, whatever the result of this, it appears reasonably certain that this 
feature to which we have called attention is one peculiai to ceitam 
stiuetures, and from the data now available the expiession of hitheito 
unknown propeities of several organs 

In conclusion, it is a pleasure and a duty to express our great obliga- 
tion to Di David L Edsall for his constant and helpful interest in the 
voik, and we also wish to thank Dr John Marshall for many couitesies 
in the loan and equipment of apparatus 

CONCLUSIONS 

1 The suprarenal glands and the nervous moiet} of the pituitaiy 
liody in dogs contam something which, on extraction with salt solution 
and intravenous m 3 ection into dogs, cuts short tlie flow of pancreatic 
juice, after the administration of secretm It also prevents the stimula- 
tion of the gland by secretm if its mjection precedes the secretin 

2 This feature has been found, to date, m no other tissues 

3 It IS independent of the general rise in blood piessuie seen after 
the intiavenous injection of adrenalin and pituitary extracts 

4 The mlnbitory factor of extracts of the suprarenal glands seem to 
disappear liy decomposition, oxidation, oi other process, before the blood- 
pi essure raising element is gone It would appeal that the supi arena! 
and the pituitaii bodies have at least one proper tj other than those 
quali^es geiieialh lecogmzed as present m them 

1953 Locust Stieet 



THE CLINICAL VALUE OF THE QUANTITATIVE ESTIH \- 

TION" OF PEPSIN, 
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Beaumont’s famous e\peuments sliOAied that the gastiic juiee, e\en 
outside the body had an active solvent action on food, and this led Hiil- 
Jer to suspect the piesenee in it of a substance acting like diastase on 
staicli flour Ebeile, in 1834, found this piinciple to be present in the 
acid gastric mucus Mullei and Schwann found that this was true of 
acid extracts of the mucous membrane, hut that neithei acid nor extiact 
alone had any activity Subsequent leseaich slioued that this was a 
pioperty of the gastric mucus oi secretion and not of mucus in geneial, 
as was originally suimised Pepsin has since that time been exhaustively 
studied, and many lemarkable facts have been demonstrated, the most 
iiiteiestmg of ivliieh is Schutz’s law, so-called, which is tliat the quantity 
of pepsin varies accoiding to the squaie of the amount of albumin di- 
gested In spite of all the effort that has been devoted to its study, 
pepsin, as sucli, has nevei been isolated m a puie state, so that it is im- 
possible to estimate it quantitatively in a tine sense of the void, all that 
can be done is to measuie its effects and thus gain an idea of its concen- 
tration in a given solution 

The numerous quantitative methods foi the estimation of tlie actiuty 
of pepsin have been so fiequentl} leiieved that it is hardly necessaiy to 
di'Jcuss the older liteiatuie at length in the piesent paper It vill be 
sufficient to refei to tlie summaiies in lecent text-books, such as that ot 
Boas, or to the ai tides of Koettlitz, Nirenstein and Schiff, Pobin, Both, 
and others The following biief enumeration is, in pait, after Both 
1 The pioceduies of Biddei and Schmidt, Brucke, Giuenhagen 
Javorski, and Ileizen aie methods m vhich the stomach conteiifs are 
diluted until no furtliei digestion occurs or in vhich a certain amount 
of albumin oi fibim is exposed to the digestno action of pepsin foi laii- 

®From the Phil'idelphm RoK clime and the Pin ate Lnhoratoii of Dr John If 
XIii‘;sci Rond in the Section on Piactice of ^fcdicine of the AincricTU Xledictl 
A'ssoent’on, it the Fifti-ninth Annual Ses'.ioii liehl it flin ipo, Tniie, I'ins 
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ing peijocls of time The amount of pepsin is calcnlated with lefeience 
to the dilution leqnired oi the time elapsed Grutzner and Bom get used 
fibrin colored with carmin and estimated the amount of pepsin by the 
intensity of the red color of the gastiic ^nice produced by the solution of 
the fibrin Spiiggs utilized the change in the viscosity produced by 
digestion as a measure of the ferment action These methods at the best 
can onl} give approximate results 

2 TCI ng (Van Valzah and Nisbet) used the biuiet test as a measure 
of the albumin digestion The eldei Sehutz, Opplei and J Schutz also 
calculated the amount of pepton formed, Schutz by the polar imetiic 
method and Opiilei and J Schutz bj'- the estimation of the total nitro- 
gen Opplei used the Kjeldahl method, but sui rounded his test with so 
many precautions to secure natural conditions of feiinent action and 
accuracy in results that it is generally regarded as the best and at the 
same time the least available of all methods 

3 In recent years Mette, Hammerschlag, Bettman and Schiodei, 
Solms, Gross and others have introduced methods which aim at the exact- 
ness of the last-named procedure, combined with ease of application 
Solms’ test is described in full below Bettman and Schroder deter - 
mined the amount of pepsin by observing the rapidity with which the 
foam produced by shaking up an albumin solution containing pepsin is 
dissolved Some of those who have employed this plan do not appear to 
have been favorably impressed (Cobb) Hamnierschlag’s method is too 
widely known to require detailed desciiption It is based on an estima- 
tion of the albumin in a special solution, before and after digestion, by 
means of the Esbach albuminometer We have used it in a few cases 
and have found, as far as oui limited experience goes, that the results 
correspond in a general way with those obtained by the Mette method 

The following table illustrates a few comparative tests with the Mette 
and Hammerschlag tests 


No Mette H 

498 4 3 nim 97 per cent 

638 3 9 nim 87 pei cent 

505 3 2 mm 81 pei cent 

Hainmeischlag’s test is generally legaided as inferior to that of Mette 

and possesses many faults winch have been enumerated by Roth and 
others 

The method of Mette, as modified by Hiienstein and Schiff, is gen- 
erally conceded to compare in exactness with that of Opplei The technic 
vliicli ve have einplo 3 "ed is not widely different from that of Hiienstem 
and Schiff (cf Salih) and was described b}’ one of us, with Di Sailer, a 
rear oi two ago For the convenience of those to vhom it is iinfamiliai 



0^0 QVANTITA'ilTE ESTIMATION OF PEPSIN 

It may be briefly described Glass tubes, 1 to a mm in caliber and 20 
01 30 cm in length, are filled by suction with white of egg, plugged with 
biead and boiled for five minutes They are then sealed with sealing 
wax and after tliiee days are ready for use The test is earned out as 
folloAvs One c e of the gastric fidtrate is diluted with 15 cc of N/20 
liydroehloric acid Two sections of tubing, 2 or 3 mm in length aie 
added A triangular file is sufficient for cutting the tubes The speci- 
men enclosed in a coveied dish is kept in a theiinostat at 37° C foi 
twent 5 ^-foui liouis At the end of this period the column of albumin 
digested at each of the four exposed ends is caiefully measured m tenths 
of a inillnnetei An aveiage of the four readings is leeoided as the 
result, but it is usual to squaie tins for comparison with othei tests in 
accordance with Schutz’s law 


The foHouing examples will make this cleai 


No 

Di! 

Keading 

Squares 

Relative StiengUi 

P271 

1 in 4 

C8 

46 

4 

P271 

1 in IG 

34 

116 

1 

P273 

1 in 4 

C4 

41 

4 ( approx ) 

P273 

1 m 16 

33 

10 9 

1 


Mette’s test thus modified excludes vaiious eirors ivhicli impaii the 
value of many othei methods, because it possesses tlie following advan- 
tages 

1 The acidity in all cases is lendered approximately unifom with- 
out any tedious titrations being required 

2 The dilution is sufficient to overcome inhibition due to albiimoses 
(Sailer and Farr), etc , or antiferments 

3 A uniform surface is exposed to digestion at all times 

4 FTumerous observations show that it complies with Schutz's law' in 
dilutions sufficient to avoid inhibition and to prevent a digestion of 
moie than 4 mm 

Objections to the method are 

1 Albumin from different eggs oi albumin coagulated at diileient 
icmpeiatures or heated for different periods of time vanes consideiably 
m digestibilitv' 

2 Differences in the calibei of the tubes bejond ceitain limits aftect 
the readings 

3 Wide variations in the tempeiatme of the theimostnt haic the 
same effect 

4 Theie is a decided personal index in measinmg the column of 
albumin 

These faults can be laigeh oicicome hi the following inoasuios 
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1 An imvarying technic and the nse, possibly, of artificial oi diied 
egg albumin of uniform quality (Onnf) 

2 The use of an artificial pepsin contiol Foi this purpose a 1 oi 2 
per cent solution of a standard pepsin should be employed, diluted 1 in 
IG in the same way as the specimens to be examined 

3 A uniform method of measurement 

In these tests we employed an ordinary clinical microscope (low 
power) fitted with a movable stage and vernier scale 

Two illustrations will show the value of controls where there are vide 
discrepancies 


(a) No 
M 273 
M 282 
M 251 

Contiol pepsin. 


Alette 
5 2 
5 S 
2 8 

1/lG pel tent 4 2 


(b) No 
AI511 
AI 520 
A'l 638 

Contiol pepsin, 1 


Alette 
44 
2 8 
30 

IG pel cent 2 S 


Compaiison in these cases leads us to lay less stress on the high figures 
obtained in the first experiment Similarly M 251 can be legaided as a 
rase of greatly diminished pepsin, while M 520 with the same reading is 
merely a low normal 

Jacoby, in 1906, in a short article disputing Pawlow's assertion that 
pepsin and lennin were identical, introduced a new method of deter min- 
ing pepsin, which, he claims, decided definitely the individuality of the 
two ferments This method was by means of ricin, a solution of vliich, 
he found, was cleared up by pepsin Although this peculiar property 
had been observed by him some time before while pursuing his studi of 
1 icin, its adaptability to clinical use was not brought forward until Solins 
published ins paper in 1907 

Jacoby had found that, if pepsin were added to a 1 per cent solution 
of iicin in salt solution, the cloudiness due to the albuminous substances 
m the iicin disappeared rapidly and completely Working on this under 
Jacoby’s direction Solms evolved the following simple procedure, the 
only fluids needed being a solution of iicin and a iST/lO hydiochlonc 
acid solution 

The iicin solution is made by dissolving 0 5 gram of ricin in 50 c c 
of a 5 per cent sodium chlorid solution and filtering (The lecin used 
by Sohiis vas obtained from the A^eieinigte chemische Werke, Chailotten- 
biiig, Salziifer 16, costing 2 marks for 10 grams Solms preferred this 
preparation of iicin to Meick’s, piincipally on account of the limited 
siipph and the great cost of the latter ) The filtered ricin solution has 
a somewhat cloudy appearance, but on the addition of 05 cc hl/10 
hjdiochloiic acid solution becomes decidedly milky The milky appear- 
ance IS cleaied up bi pepsin 
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His teclmic is as follows The gastric ]uice is obtained e\ti acting 
the stomach contents one hour after the ingestion of an Ewald-Boas test 
breakfast He tests this for the presence of free hj^droehloric acid, then 
determines the total acidity, and in appropriate eases examines for lactic 
acid According to his jfindings he makes varying dilutions of the con- 
tents with distilled water In cases of h)'peracidity he dilutes the filtered 
contents from 1 100 to 1 10000, wheieas in cases of anaciditj oi sub- 
acidity the dilutions vary from 1 10 to 1 100 In normal cases he 
dilutes from 1 100 to 1 1000 

In each of the five test tubes he puts 2 c c of the filtered iicin solu- 
tion, then with another graduated pipette he adds 0 5 cc H/IO h 5 'dio- 
chloric acid, which causes the mixture to become very cloudy Having 
numbered the test tubes 1, 2, 3, 4 and 5, he puts in the first tube 1 c c of 
boiled gastric juice, in the second, 0 9 c c , m the third, 0 S c e , in the 
fourth^ 0 5 c c , and in the fifth, 0 e c Then he takes the unboiled juice 
and, having diluted 1 e e of juice with 99 e c of water, he puts in the 
first test tube 0 c c , in the second, 0 1 c c , in the thud, 0 2 c c , in the 
fourth, 0 5 c e , and in the fifth, 1 c c , so that m each tube theie aie 3 5 
e c of fluid The test tubes are then corked and put in an incubatoi, 
where they are allowed to stand for three hours , at the end of this time 
they are taken out and the tubes examined to see with what dilution the 
ricin has been cleared up If an incubator is not at hand the tubes can 
be left at room temperature, of course for a correspondmgly longei time 

In order to obtain a convenient expression of the pepsin content of a 
gastric juice, he designates that amount of pepsm contained mice of a 
1 100 dilution, which is capable of clearing up the ricin solution aftei 
three hours’ standmg in an incubator, as 100 pepsin units This he has 
decided on as the normal standard, because after many examinations of 

specimens of normalacidityhefoundthericmtobecleaiedupby Icc of 

a solution diluted 1 100 Sohns considers the normal acidity to be 40 to 
60, and anything above or below this to be hyperacidii^’’ or hypoaciditj', 
and gives tables showing the pepsm content m these various conditions 
His tables show no fixed relation between the acidity and the amount of 
pepsin, except m those cases m which the acidity is very low oi the free 
hydrochloric acid entirely absent, under vhich conditions the pepsm vill 
be foimd to be low also Solms thinks tliat from a study of his tables he 
has learned nothing which uould tend to show that the estimation of 
pepsm has a diagnostic or therapeutic value 

Witte studied this new method of Jacoby and Solms and recommends 
it strongl) on acoimt of its simplicity and cheapness The onl> modifi- 
cation he proposes is to add a dilution of 1 50, since m his experience 
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tlieie have been cases where a dilution of 1 100 did not quite dissolve the 
iicin His conclusions are about the same as those of Solms, namel), 
that the noimal pepsin umt is between 100 and 300 and that there is but 
slight relation between the acidity and the amount of pepsm, except in 
cases of lowered acidity, in which the pepsin is likely to be lowei Witte 
made a few comparisons with the Iilette method, but prefers the ricin 
piocedure 


TABLE 1 —NORMAL ACIDITY— 40 60 


Serial No 

Total 

Acid 

Free 

Hcl 

Eicia 

Mette 

Diagnosis 

Case No 

1 

1 

10 

0 

100 not clear 

1 6 (2 6) 

Carcinoma p>lorus 

F S 

2 

40 

30 

100-200 

3 8 (14 4) 

Hj perchlorhj dna 

M ,464 

3 

42 

+ 

100 

3 1 (9 6) 

Chr constipation 

P , 335 

4 

43 

+ 

Not made | 

3 3 (10 9) 

Hjperclilorbj dna 

P , 273 

5 

44 

26 

200 

3 2 (10 2) 

Gastro enteroptosis 

M , 505 

6 

48 

10 

100 

4 9 (24) 

Chloro-'&nemia 

M ,311 

7 

50 

18 

10 

3 9 (15 2) 

Chr gastritis 

M ,570 

S 

50 

30 

200 

4 4 (19 4) 

Migraine— dilatation of stomach 

M , 511 

9 

1 50 

1 

+ 

100 not clear 

[ 0 5 (0 25) 

Pyloric obstructiont 

G C 

10 

50 

+ 

Not made 

j 3 2 (10 2) 

Constipation— nervous dyspepsia 

P , 300 

11 

50 

1 

+ 

1 Not made 

I 

4 9 (24 0) 

Chr constipation 

F B 

12 

54 

34 

100-200 

I 4 3 (18 5) 

Gastric neurosis 

M , 434 

13 

51 

86 

100 

Not made 

Tubercular enteritis 

1 M ,659 

14 

56 

24 

100 

Not made 

Cholecj stitis 

M , 884 

15 

5S 

30 

100 not clear 

3 7 (13 7) 

Hyperchlorhj dna 

M , 102 

16 

I 58 

34 

100 

3 0 (9 0) 

Neurasthenia — gastric neurosis 

M ,449 

17 

GO 

1 

45 

100 

5 2 (27 0) 

Cholecj stitis— h j perchlorh j dna 

M ,791 

18 

GO 

+ 

100 

5 0 (25 0) 

Malnutrition— chr pancreatitis(‘’) 

S C 

19 

45 

20 

100 

Not made 

Gastric neurosis 

M ,6b3 


* Without preliminary lavage Lactic ac A Lovrei dilution of ncm not made 
I Probable carcinoma Butyric acid Lower dilution of ncm not made 


Gloss advances a new method which he claims to be simpler than the 
foiegoing His method is based on the piecipitation of undigested casein 
by sodium acetate, but we have had no oppoftunitj'^ of studying its value. 
Gloss claims that the Jacoby-Solms method is open to criticism on one 
point, and that is that the ncm they used is very impuie and that there 
IS no way of deteiminmg ^ust what foreign bodies are mixed with it He 
also objects to the method on giounds of expense, but this depending 
nieielj on a peisonal point of view, requires no comment 
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In inalnng oui studies we have followed closely the teelmic as laid 
doun by Solms and have seen no leason to make any change oi modifica- 
tion The only drawback we have encountered is that the ricm solution 
must be fleshly prepaied We tried making up a laige amount, and fil- 
teiing it only as needed, but the filtrate was so cloudy that it was difficult 
to deteimine the extent of pepsin digestion, as the solution did not be- 
come clear even when the gastric juice was but little diluted After the 
ricin solution is once made, the preparation of the five tubes for peptic 
digestion occupies very little time, not more than seven minutes on an 
average, when once the technic has been perfected 

The results of our studies are shown in the accompanying tables, 
which are self-explanatory 

SUMMARY OR THE TABLE OR NORMAL ACIDITY (40-60) 

Apart from three cases, ISTos 1, 9 and 18 the ricin and the Mette 
methods gave results withm normal limits In oui table the iicin 
lesults of Case 1 is reported as “100 not cleai,’’ but m this ease, as in 
Case 9, lowei dilutions than 1 100 weie not made Tinding that 100 
was not digested, we should have begun with a dilution of 1 10, when 
there would doubtless have been a low leading corresponding with that 
by the Mette method Case IS shows the Mette result to be at the ex- 
treme upper limit of the noimal, while the iicm remains exactly noimal 
Fiom a study of the table w^e see that, apait from those cases with oi- 
ganic acids oi diminished free hydrochloric acid, no aid in diagnosis 
other than that derived fi om the ordinary cliemical examination has been 
obtained by the determination of pepsin In Case 9 retention, favoring 
the production of organic acids is the cause of the lelatively high acid- 
ity The same case (Table 2, 10), after lavage, shoved a veij low acidity 
and a minimal amount of pepsin Theiapeutically the table w sugges- 
tive, but nothing more 

SUMMARY OR THE TABLE OF LOW ACIDITY (bELOW 40) 

With low acidity the pepsin is also low, both by the iicin and Mette 
methods In two instances. Cases 8 and 5, the Mette was normal, wlnle 
the ricin was absent or diminished, respective!} This discrepanci can 
be explained, as the contiols foi the Mette tests weie also high In 
Case 14 the ricin was noimal while the Mette was subnoiraal tic ha\e 

no explanation to otfei for this variation 

Pepsin determination seems to be of \alue in distingin‘=hiiig simp e 
crastiitis and neuioses fiom achilia and caicmoma In the last tiro the 
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pepsin IS m^anaUj veiy mudi diminished, whereas in the fii^two it is 
Laifected oi but slightly altered In tins we disagiee with Witte, who 
found that pepsin was always low in neuroses 


SUllOIAEY OP THE TABLE OP HYPERACIDITY (ABOVE 60) 

With very few exceptions, the iicin and the Mette methods coin- 
cided m cases of hyperacidity, although the former is not capable ^of 
showing the finer gradations of the lattei In two cases, 37 and oo, 


TABLE 2— SUBNORMAL ACIDITY— BELOW 40 


Serial No 

s ^ 

B 

Free 

Hcl 

Ricin 

Mette 

Diagnosis 

Case No 

1 

35 

0 

10-20 

2 3 (5 3) 

Endarteritis— chr tuberculosis 

M , 1(0 

2 

34 

+ 

Not made 

3 4 (11 6) 

Constipation— Subaciditj 

P , 271 

3 

28 

6 

10 

2 8 (7 8) 

Cholelithiasis— gastritis 

M 2U 

4 

26 

0 

20 50 

2 0 (4 0) 

Policjthemia— chi gastritis"' 

M ,814 

S 

26 

8 

10 20 

3 3 {10 9) 

Gastric neurosis 

M , 570 

6 ^ 

1 

0 

10 

0 8 (0 64) 

Pjelitis 1 

M ,189 

1 

i 22 

0 

10 

j 1 0 (1 0) 

Chr gastrocntentisT 

M , 813 

8 

1 

22 

0 

1 0 

3 4 (11 6) 

Chr gastritis 

M , 571 

9 

20 

0 

0 

0 1 (0 1) 

Anaciditj 

M , 576 

10 

U 

1 ® 

Not made 

0 5 (0 25) 

Carcinoma pjlorus^ 

F S 

11 

12 

1 0 

Not made 

0 8 (0 64) 

Chr Diarrhea— achj ha gastric, ig 

P , 350 

11 

12 

0 

Not made 

0 5 (0 25) 

Incipient tbc — splanchnoptosis 

P,15 



1 



acbjlia gastnea 

L 

13 

1 ^ 

0 

Not made 

0 

Achjiia gastricall 

P,270 

14 

1 

ri8 11) 

+ 

100 200 

2 4 (5 7) 

Spastic stricture ol esophagus 

-» P , 302 

V) 


34 (2) 

+ 

100 not clear 

2 2 (4 8) 

lb*-'- 

1 “■ 

IG 


U (3) 

0 

1 

10 not clear 

0 

ibtt 

] lb 


* Vomitus -j- Lactic acid piesent 

t Lactic acid present aftei lavage See F S , Table 1 


§ No lactic acid ]j Lactic acid piesent 

♦* Loner dilution of ricin not made TT Contents of esophageal dilatation 

\ 

the iicm was 1,000, while the Mette was also high In Case 37 theie 
was a dispropoition between the two metliods, the nein being 1,000 
while the Mette showed a noimal value In this case two dilutions of 
iicm were made, one of 1 100 and the othei 1 1000, m each of which the 
result vas 1,000 units In two othei cases, 53 and 56, the iicm was ab- 
noimally high and the Mette low, which can be explained by the low 
result obtained in the eontiol expeiiment 
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qija.^titatite estimatios' of pepsin 

Here oiir effoits to find some diagnostic aid in tlie quantitative esti- 
mation of pepsin have met intli failure The fact that there is no definite 
relation between the degree of acidity and the amount of pepsm inmht 
suggest the use of artificial pepsin in occasional cases 

COMPLETE SUMMAKY 

Our tests indicate that the normal variation of the Mette method is 
between S (9) and 5 (35), of the nein method 100 to 200 In carcinoma 
ventriculi, achylia and occasionally in chronic gastritis, the pepsin deter- 
mination reveals values below the minimal normal, but as a luie m neu- 
roses and chronic gastntis the pepsin is relatively but little affected in 
contradistinction to carcinoma and achylia, and this would seem to be of 
assistance in making a differential diagnosis between these conditions 
We have found, as have otheis, that within normal limits there are wide 
variations without apparent relation to the acidit}^, but at present we aie 
not in a position to draw any diagnostic or therapeutic conclusions fiom 
these observations 

The results obtained uith the ricm method correspond with those 
shown by the Mette method, that is, normal values and subnormal values 
are clearly shown, but the finer variations are not seen and when present 
frequently do not correspond with the Mette results This is true even 
when we have made allowance for diffeiences in the Mette tubes by means 
of the controls ref ei red to above 

Both tests aie valuable as rough quantitative methods, and they are 
carried out with equal facility The Mette has the advantage of exclud- 
ing variations due to differences in acidity without requiring any previous 
titration There has been no attempt made to see whether the ricin 
method follows the law of Schutz, nor has there been any attempt made 
to bring the various tubes to a uniform acidity The valuation in the 
acidity of the five tubes would seem a pi ioi i to be fiuitful of grave errois 
This could probably be obviated by suitable dilutions with hr/20 hydro- 
chloric acid, similar to those employed by hTirenstein and Scliiff m 
their modification of the Mette method These questions may form the 
basis of a supplementary communication 

We have made little therapeutic use of tlie Imowledge we have ob- 
tamed The wide variations m the pepsin values uould suggest that the 
drug has been too much despised by stomach specialists, though tins can 
not be said of practitioners in general It would seem to be indicated in 
cases showmg subnormal peptic values, with preservation of at least a 
fair degree of acidity In chronic gastntis wuth low acidity' and loiv 
pepsin, m adiyha and in carcinoma it would be necessaiy to add luclro- 
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table s— hyperacidity— above 60 


o 

;z; 

'sZ 

3 3 ‘ 

1 

o 

TAlilJlli 

Bicin 

Mette 

Diagnosis * 

Case No 


-- p 

!4 



— - 


1 

62 

+ 

Not made 

3 2 (10 2) ( 

jastric ulcer 

P, 310 

2 

62 

+ 

Not made 

3 8 (14 0) < 

Constipation — clironic gastritis 

P , 229 

3 

62 

+ 

100 

4 6 (21 2) < 

Cholelithiasis— pj lone adhesions 

P., 289 

4 

62 

30 

100 200 

Not made 

Goiter— dilated stomach 

M 871 

5 

62 

34 

100 

2 8 (7 8) 

Psoriasis— eczem a 

hi 520 

6 

62 

36 

100 200 

4 1 (16 8) 

Gastric neurosis 

M ,300 

7 

62 

16 

10 

3 8 (14 4) 

Carcinoma pylorus* 

M,227 

8 

64 

40 

100 

3 3 (10 9) 

Neurosis 

M ,575 

9 

64 

30 

100 

Not made 

Nephritis— gastritis 

M .824 

10 

64 

48 

100 

3 I (9 6) 

Adhesions(7)— hj perchlorh^ dria 

M , 615 

11 

64 

+ 

Not made 

2 3 (5 3) 

Chronic gastro enteritis 

P , 272 

12 

65 

40 

100 200 

3 6 (13 0) 

Gli cosuria 

M ,500 

13 

65 

40 

100 

3 4 (11 6) 

Sj philis— neurasthenia 

M , 176 

14 

66 

40 

100 

2 8 (7 8) 

Mjalgia 

M ,680 

15 

66 

36 

100 

3 2 (10 2) 

Tachycardia 

M ,236 

16 

66 

40 

100 

Not made 

Gastroptosis— gastric neurosis 

M , 225 

17 

67 


1 

Nofc made 

3 4 (11 6) 

Epilepsj 

P , 324 

18 

68 1 

24 

200 

3 6 (13 0) 

Frontal smusitis-neurosis-hj peracid ] 

M , 123 

19 

68 

42 

200 

4 3 (18 5) 

Gout— neurosis— alcoholic gastritis y 

M ,498 

20 

68 

84 

100 not clear 

3 3 (10 9) 

Pancreatitis— hj perchlorhj dna 

M ,356 


68 

46 

100 200 

4 6 (21 2) 

Cholecj stitis— gastric ulcer 

M , 322 

22 

68 

+ 

100 

4 0 (16 0) 

Hypochondriasis 

F W 

23 

68 

+ 

Not made 

3 2 (10 2) 

Gastric ulcer 

F M 

24 

68 

44 

100-200 

5 9 (34 8) 

Chr appendicitis— gastric neurosis 

M ,757 

25 

70 

40 

100 

Not made 

J aundice— cholecj stitis 

M ,664 

26 

70 

40 

100-200 

4 0 (16 0) 

Gastritis— hy perchlorhj dna 

M ,734 

27 

70 

54 

1000 , 

5 8 (33 6) 

Hour glass contraction o£ stomach- 

- M,282 






pj'lonc adhesions 


2f 

! 70 

46 

100 

3 2 (10 2) 

Fibroid of uterus— hjperchlorhydna 

M ,371 

2c 

) 73 

+ 

Not made 

4 4 (19 4) 

Constipation— hyperchlorhj dna . 

P , 258 

3( 

) 74 

44 

100 

4 7 (22 0) 

Hj perchlorhj dria—pylorospasm— -cho- 
lecj titis— chr appendicitis 

M ,333 

3 

1 75 

55 

100 

3 0 (9 0) 

H> perchlorhj dna 

M ,538 

3 

2 75 

40 

100 200 

3 0 (9 0) 

Exophthalmic goiter 

M ,455 

2 

3 76 

30 

100 

4 0 (16 o: 

) Appendicitis 

M , 326 

r 

c 

!4 76 

i ■ + 

Not made 

3 0 (9 0) 

Splanchnoptosis 

S P 

r 

1 

i5 7( 

i -f 

Not made 

5 4 (29 1 

) Gastroptosis — hyperchlorhydna 

P , 193 


Vomitus 


T Hanunerschlag, 9T% 
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TABLE 3 — ComiMjED 


Total 

Acid 

Free 

Hcl 

Ricin 

5Iette 

78 

56 

100 

3 5 (12 3) 

78 

64 

1000 

3 8 (14 4) 

78 

36 

100 

3 9 (15 2) 

78 

40 

100 

3 8 (14 4) 

80 

+ 

Not made 

4 0 (16 0) 

80 

55 

100 

3 4 (11 6) 

80 

55 

100 

3 0 (9 0) 

82 

52 

100 

3 0 (9 0) 

82 

52 

100 

3 8 (14 4) 

82 

+ 

100 

4 6 (21 2) 

82 

54 

100 

3 4 (11 6) 

84 

52 

100 

3 1 (9 6) 

84 

60 

100 

Not made 

85 

35 

100 

2 9 (8 4) 

85 

55 

100 

2 6 (6 8) 

86 

48 

100 

4 9 (24 0) 

86 

58 

100 

5 2 (27 0) 

88 

54 

500 

2 8 (7 8) 

88 

58 

100-200 

4 9 (24 0) 

88 

62 

1000 

5 3 (28 0) 

95 

60 

500 

3 1 (9 6) 

100 

45 

100 

2 9 (8 4) 

106 

94 

100 200 

Not made 

110 

62, 

200 

3 7 (13 7) 

112 

+ 

Not made 

4 2 (17 6) 


36 

37 

38 

39 

40 

41 

42 

43 

44 
41 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 


Diagnosis 


Chr appendicitis 
Appendicitis— hj pe^clllorll^ dna $ 

H> perchlorhj dna 
Gastric nicer 

Splanchnoptosis— incipient the 
Hj perchlorhj dna 
Hj perchlorhj dna 
Hj perchlorhj dna 
Bronchitis— gastritis 
Cholelithiasis— hj perchlorhj dna 
Gastritis 

Hj perchlorhj dna 

Neurosis — hj perchlorhj dna 

Neurasthenia— gastroptosis 

Gastric neurosis 

Gastric neurosis 

Appendicitis— hi perchlorhj dna 

Cholecjstitis- hj perchlorhj dna g 

Frontal and ethmoidal sinusitis— hj 
peraciditj 

Gastritis— hj perchlorhj dria° 
Neurosis— hj perchlorhj dna 
Gastric ulcer 
Cjstitis— enteritis 


Case No 


M ,593 
M,47G 
M ,450 
M ,430 
P , 296 
M ,678 
M , 5S5 
T T M 
M 599 
F B 
M ,089 
T M B 
M 683 
M ,092 
M ,607 
M , )6I 
M,273 
51,171 
M ,785 

51 ,334 , 
51 ‘489 
AI ,597 
51,828 
51 , 713 
P , 341 


t TWO CUUitAWicj, • 

§ Mette control also low 

3 Tn imTiv cases it is doubtful it enough acid could be intio- 
chloiic acid In m y ^ stomach tube, to allow of noimal pio- 

duced, except oceasiona y jg to saturate meat oi milk, be- 

r aose ^ 

g.ve. m „av»oe) It s„ouM tc 

m the contents of the Mute hsarochlonc 

Sr C:™" S-l-o. t Joe at sho.t .ntena.s to ntaho op 







vhiFFOKi) n F\ins -um\ \nn n f;ooj)U\\ 

loi Ihe amount expelled mto the duodenum Gasteimc oi Iho noniial 
gastne secietion ot the dog obtained tlnough a Panloir ^ ’’f" 

advocated by Fiemont and otlieis (see Beitmanii) m doses of 100 to o 
cc lYe bave bad no expenence nitb it, but it Mould seem to bale no 
advantage ovei a mixture of pepsin and bydiochloiic acid unless it pos- 
sesses some ‘Sutal” oi otbei piopeity independent of its piincipal con- 

s 1 j 1 1-1 OH s 

In conclusion, ue desiie to acknou ledge oui indebtness to I)i« 
Mussel, Sailei and Talley foi the use of then clinical maleiial uhicb 
ue baie fieely used to supplement oui oun 
211 S 17th Stieet 
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